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INTRODUCTORY. 

The starting of a new scientific journal is a step which should 
be accompanied by a statement of the reasons and purposes 
-which have actuated its originators. These reasons and pur- 
poses should form the platform of principles, and the arena of 
action which should characterize the publication. 

The science of geology is comprehensive, and depends for 
its progress on the special researches of laborers in all the 
natural sciences. The editors of The American Geologist 
have lamented from time to time the lack of a distinctively 
geological journal in the United States, whose purpose should 
be to coordinate and express the results of these special labors 
on the general science of geology, and which should serve as a 
repository of the progressive steps which the science, as such, 
makes from year to year. They have lamented the absence of 
a journal which should take cognizance of the various labora- 
tories of the world, and of the publications that emanate from 
the various scientific centers, and, culling from them all such 
facts and discussions as throw light on the history and constU 
ttUion of the globe<, should authentically eliminate for its sub- 
scribers the essential grand results, freed from the distractions 
of too much detail. These results, mingled with a confusion 
of unsystematized details, are now scattered through journals 
and special publications which are devoted to the special 
sciences, and are inaccessible and unavailable to the geologist 
without the expenditure of much time and money. 

The promoters of The American Geologist have wit- 
nessed a growing popular appreciation of the grand truths of 
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geology,, aftnT-x^i the utility of a knowledge of its methods and 
rcsuhs. '. r^-all the colleges of the country, which deserve the 
|i«me, nay, in many of the high-schools and academics as well 
.\ -.its 'ill schools of lower grade, will now be found frequently a 
•, '•••curriculum of study which specially provides for the teaching 
\l\ •/ ' of geology in some form or another. Even in the primary 
schools, the pupil is told to bring pebbles from the roadside to 
the school-room to serve as texts for object lessons by the 
teacher. At the same time there is a demand for a knowledge 
of the ways and means of geological information. Qualified 
teachers and enthusiastic professors of natural science are not 
the onlv necessitv. There should be a reservoir of observations 
and of information contributed by the expert workers of the 
world from which teachers may draw new facts and new ways 
of combining them. The ways and means of scientific instruc- 
tion need to be made known to ten-thousand earnest teachers 
who have only the recollection of their own college training to 
guide them, if indeed they have had any training at all, and 
who are shut off from access to the technical publications of the 
specialist. 

More than all a thoroughly non-partisan publication is needed 
which shall be open to the properly worded opinions of all from 
the most powerful to the most obscure, and which is distinc- 
tively committed to no theory whether of construction or of ob- 
struction. It will be the aim of this journal to reflect the faint- 
est whispers as well as the loudest thunder of American geolo- 
gical thought. 

The promoters of The American Geologist have been 
satisfied for several years past that the interests of the science of 
geology in America have been jeopardized, and sometimes have 
suffered, because of the lack of cooperation among American 
geologists, and of a ready means of expression through a sym- 
pathetic medium of communication. 

Many of them have had serious misgivings as to the result of the 
influence of the national geological survey in extending its opera- 
tions into the settled states of the Union, and especially into states 
in which ofllicial geological surveys are in progress, fearing that 
by the concentration of all authority and control at the national 
capital, and by the extensive accumulation at one centre of all 
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the material illustrating the state and local geology of the coun- 
try, the local interest and effort may die out, and that ultimately 
the weight of public sentiment favorable to geologic investiga- 
tion may suffer diminution. Such a result, besides retarding 
the general advance of geologic interests, would inevitably react 
on the national survey itself. It is hoped by the promoters of 
The American Geologist that its influence may serve to per- 
petuate the general interest in geological investigation, and that 
with this view, the numerous workers on the national survey 
may lend the enterprise their countenance and support. The 
editors of this journal pledge to them and to all geologists of 
whatever school or party, that The American Geologist 
shall be conducted on a plane of judicial impartiality, above the 
influence of factions and of personal or local controversy. The 
existence of an avenue through which the local interests of geol- 
ogy throughout the country may ^\\(\ expression, and through 
which the contributions to science that emanate from the labo- 
ratories and libraries of numerous students, may be laid before 
their fellow workers, will serve as a stimulus to local investiga- 
tion, promote the interests of general intelligence and strengthen 
that basis of popular appreciation on which every public scien- 
tific enterprise - state or national — ultimately rests. 



A SHORT HISTORY OF THE ORIGIN AND ACTS OF THE 
INTERNATIONAL CONGRESS OF GEOLOGISTS, AND 
OF THE AMERICAN COMMITTEE DELEGATES TO IT. 

by persifor frazer. 

Origin of the Committee. 

At the Buffalo meeting of the A. A. A. S. (of 1S76) the 

Standing Committee of the association offered to the genera. 

session the following: 

RssoLVEDf that a committee of the association be appointed to consider 
the propriety of holding an international congress of geologists at Paris 
during the international exhibition of 1878, for the purpose of getting 
together comparative collections, maps, and sections and for the settling 
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of manv obscure points relating to geological classification and nomen- 
clature, etc., etc. 

The other clauses relate to the appointment of Torrell and 
Baumhauer, and others, to assist the committee, which latter was 
composed of W. B. Rog^ers, James Hall, J. W. Dawson, J. S. 
Newberry, T. S. Hunt, C. H. Hitchcock and R. Pumpelly, [Ex- 
ecutive proceedings, A. A.A.S. Buffalo meeting, 1S76]. 

Preparations for the Congress. 

At the Nashville meeting, in 1877, the Standing Committee 
recommended that Prof. J. P. Lesley and And. C. Ramsay be 
added to the international geological committee. Dr. Hunt pre- 
sented a report of the committee in executive session, and on 
recomniendation of the Standing Committee, in addition to the 
above two names, the presidents of the Geological Societies of 
France, London, Edinburgh, Dublin, Berlin, Belgium, Italy, 
Spain, Portugal, and of the Imperial Geological Institute of 
Vienna, were added [Nashville volume, A. A. A.S.,Exec.Proc.] 

At the Saratoga meeting, August, 1S79, Prof. James Hall, 
chairman of the American committee, made a report of the pro- 
ceedings of the first International Geological Congress in Paris, 
held August 29, 1878, from which the following is extracted: 

There were present at the Congress Profs. Lesley, Hunt, Hall, Cook, 
Blake, Cope, Chaniberlin and Selwyn. 

At the Congress at Bologna, to be held Aug. 29th 18S1, there are two 
principal subjects comprised under two groups, and for each of these an 
international committee was named at Paris, ist, Unification of geologi- 
cal cartography. 2nd, Unification of geological nomenclature, under 
which head will be considered all matters relating to classification as 
well as to the value and significance of mineralogical, lithological and 
paleontological characters, thus embracing many of the most important 
problems of geology. In naming these, as far as possible one member 
from each country was appointed, whose duty it is to organize therein 
separate local committee for each group, and to communicate to the 
secretary of the Council of the Paris Congress, and with the local com- 
mittees at Bologna. For the committee on the map the American members 
were Lesley (U. S.), Selwyn (Can.). On geological nomenclature, Hall, 
(U. S.), and Hunt (Can.). In view of the fact that the work of the Interna- 
tional Geological Congress was initiated by the American Association 
for the Advancement of Science, and that it promises to become one of 
permanent and increasing importance, it is believed that it will be for the 
best interests of geological science that the committee be continued etc.* 
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and further that its scope may, with advantage, be extended to include 
the consideration of such questions relating to state and national geologi- 
cal surveys as may from time to time arise. 

On motion of major Powell the report wns accepted and the 
recommendation adopted. 

The foreign members were dropped from the American com- 
mittee. 

At a subsequent meeting of the committee, held at Saratoga, 
Sept. 1, 1879, the names of Geo. II. Cook, James D. Dana and 
Clarence King, were added to the committee; the other mem- 
bers being James Hall, W. B. Rogers, J. W. Dawson, J. S. 
Newberry, C. H. Hitchcock, R. Pumpelly, J. P. Lesley and T. 
Stcrry Hunt. 

At the Boston meeting in 1S80, in the executive proceedings, 
the committee on the International Congress of Geologists was 
discharged. [See the report in the proceedings.] 

In the proceedings of the American Association for iSSoand 
1 88 1 no mention of the committee is made, and it does not ap- 
pear among the standing committees of the association in the 
reports of the Boston and Cincinnati meetings for those years. 

At the Montreal meeting, in 1882, Dr. Hunt stated, in behalf 
of the International Geological Committee, of which Hall, Sel- 
w^yn, Lesley and himself had been appointed representatives of 
North America by the Congress at Paris, that a report had 
been prepared some months ago, and asked that the committee 
be continued, which was done. Prof. Hall seconding the mo- 
tion. No mention is made in the volume of the proceedings of 
the Bologna Congress. 

At the Minneapolis meeting, 1883, the committee on the In- 
ternational Congress of Geologists was continued. At this time, 
and the year before, when it was resuscitated, it consisted of 
Hail, Dawson, Newberry, Huat, Hitchcock, Pumpelly, Lesley. 

In 1884 Powell, Cook, Stevenson, Cope, and Smith were 
added by the General Session on recommendation of the Coun- 
cil, and the committee was continued. 

In 1884, Frazer, H. S. Williams and N. II. Winchcll were 
added. In this year there were present at the Berlin Congress, 
of the above as delegates. Hall, Newberry, Williams and Frazer. 
Prof. Brush, being in Berlin at the time, and a member of the 
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Congress already, was invited to act with the American com- 
mittee during the session. 

The secretary of the American committee took notes of the 
proceedings of the Congress and prepared an account which ap- 
peared in the American Journal of Science for December, 1885. 
This account was forwarded to all the principal participants in 
the debates, and with a few corrections furnished by these, and 
on the expressed opinion of M. Fontannes, the official secretary 
of the Congress, who had all the notes and edited the proceed- 
ings of the Congress, that it was "rigorously exact," a pamphlet 
was issued at the expense of the committee, 300 copies of the 
provisional color scale printed at Berlin having been imported 
and added to it. 

Meetings of the American committee have been held twice in 
New York city, once in Philadelphia, once in Albany, once at 
Spring Lake, New Jersey, and again in New York city, at 
Columbia College, during the session of the American Associa- 
tion for the Advancement of Science. Reference will be made 
to the proceedings of these meetings in another place. 

Short History of the Proceedings of the various 
Congresses — the Paris Congress. 

The program of the Congress, as given in the front of the 
volume of its proceedings [Paris session, 1878], is seen to be: 

1. Unification of geological works in respect of nomenclature 
and symbolic representation. 

2. Discussion of various questions concerning the limitations 
and characteristics of certain terranes. 

3. Representation and co-ordination of the facts of alignment 
(faults and veins). 

4. Respective value of faunas and floras, from the point of 
view of the boundaries of terranes. 

5. Value of mincralogical composition and texture of the 
rocks, from the point of view of their origin and their age. 

On Thursday, August 29th 187S, at 3:15 p. m., in the palace 
of the Trocadero, in Paris, the first Congress was opened under 
the presidency of the Minister of public instruction. M. Hu- 
bert, the president of the committee of organization, made the 
opening address, and almost immediately stated the principles 
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which must govern a Congress of this kind, and which have 
faithfuily been carried out in all subsequent meetings. If the 
gentlemen wlio noisily and quasi-officially apply the worldly 
definition of orthodoxy and heterodoxy to their plans and other 
people's plans of reforming the science, would but read what 
has been done, they w^ould be spared the labor of killing a great 
many corpses, and of inventing a great many old proverbs. The 
first Congress was hardly five minutes old when M. Hubert 
remarked: "Pour atteindre notre but, nous aurons ccrtainement 
a surmonter dcs grands obstacles, de nombrcuscs dif)icult^s, et 
ces difficulties ne sont pas toutcs de nature a etre levies par 
un Congres. On ne saurait ici invoquer la loi du nombre; 
nuUe majority ne saurait imposer des convictions que Ic senti- 
ment du vrai pent seul amener. Cepcndant, de I'^change dcs 
iddes, de la discussion des faits ct des opinions, r^sultcra ncccs- 
sairement, pour les amis de la verity, une salutaire influence; et 
des rdformes spontancSes pourront etre la consequence de nos 
reunions." etc. 

This wise and just langauge has been the key-note of all fu- 
ture acts of the Congress; <md until one can point to some act 
which has the appearance of abandoning the policy here indi- 
cated, the implication of the members of any particular session 
in the attempt to usurp authority is most unjust. 

The position of the American committee toward the Con- 
gress is somewhat peculiar, and was alluded to in the remarks 
of M. Janettaz on the occasion just mentioned. After sketching 
the birth and progress of the idea of an international congress in 
accordance w-ith the facts given above, he says (speaking of the 
savants of all nations who were assembled in Philadelphia) 
**Ils crtJerent, en consCSquence, un comitd auquel nous avons donnd 
en France la d<5nomination de Comitd fondateur de Philadelphic, 
pour rapeller a la fois son initiative et I'exposition de la noble 
cite Americaine, qui en avait eiC le point de depart." 

The story of the creation of the Congress then, as told by its 
official publications, is this: A number of savants representing 
the larger number of civilized countries, who were in the United 
States in 1S76 for the purpose of visiting the Centennial Exposi- 
tion, named a committee to inaugurate the project. Of this 
committee professor James I Tall was president and Dr. T. Sterry 
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Hunt was secretary. The committee announced to all scientific 
societies of the world the proposed inception of the plan during 
the French Exposition of 187S, and appealed to M. Tournouer» 
then the president of the Geological Society of France, for as- 
sistance. The Council of the society was made a committee of 
organization, in conjunction with the members of the Institute 
of France in the section devoted to matters akin to those about 
to engage the attention of the Congress, — including in these 
zoology and botany, and the professors of natural history chairs 
in Paris. [See vol. i, Proceedings of the International Congress, 
p. 27.] 

The first question submitted by the committee on organization 
for discussion by the Congress, was the unification of the no- 
menclature and the conventional symbols used in geology. The 
second was the boundaries between the terranes. The third re- 
lates to the works published on the alignment of dykes, and in 
part to experimental geology. The fourth (the respective value 
of faunas and Boras in the determination of the boundaries of 
terranes) comprised the actual problems of paleontology. The 
fifth (the value of the mineralogical composition and of the tex- 
ture of rocks, from the point of view of their origin and their 
age ) was suggested by the success of the application of the mi- 
croscope, and of the principles of optical science, to lithological 
questions. 

A provisional bureau was named by the Council of the Con- 
gress which issued a series of rules applicable to the Paris 
session. 

These rules comprise the following parts: Article I. The 
first Congress, assembled by the committee of founders of Phi la 
delphia and the committee of organization of Paris, will meet 
in Paris from August 29 to September 4, 1878. (Art. 11,) in 
the Palace of the Trocadero at 3 p.m. Art. III. The payment 
of 1 2 francs entitles the delegate to attend the sittings, to take 
part in the discussions and votes, and to receive the volume of 
the Proceedings of the Congress. Art. IV. The direction of its 
labors confided to a Bureau and a Council. Art. V. The Coun- 
cil shall be composed of, ist, the members of the committee of 
founders; 2nd, the members of the committee of organization; 
3rd, the members of the Bureau of the Congress; 4th, the exis- 
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ting presidents of the French or foreign geological societies, 
and the directors of large geological surveys ; 5th, the members 
of the Congress that the Council may call to sit with it. It 
will assemble in the halls of the Geological Society of France. 
Art. VI. The Bureau will be elected at the first session of the 
Congress from a list of proposals made by the Council. It will 
be charged with the duty of arranging the program for each 
-day. 

Art. VII. On account of the number of communications an- 
nounced none shall be longer than a quarter of an hour except 
by permisssion of the Bureau. 

Art. VIII. Communications which shall be made in English 
or German, but of which the authors shall have handed in a 
written copy in advance, will be immediately analyzed in French 
"by the Bureau. 

Art. IX, X, XI, refer to privileges which v/ere secured for 
the members of the Congress on presentation of their tickets at 
various institutions and museums in Paris during and after the 
session of the Congress. On August 30, Prof. Lesley was 
elected vice president of the Congress, representing the United 
States. 

The Bureau of the Paris Congress consisted of Hubert 
(France), president; Davidson (England); Li versidge (Austra- 
lia); de Koninck (Belgium); T. Sterry Hunt (Canada); John- 
strupp (Denmark); Vilanova (Spain); Jas. Hall, J. P. Lesley 
( United States) ;Daubr6e (France ) ;Szabo ( Hungary ) ;Capellini 
(Italy); de Baumhauer (Holland); Ribeiro (Portugal); Stdf- 
anescu (Roumania); de Moeller (Russia); Torrell (Sweden 
and Norway); Favre (Switzerland); Jancttaz (France), gen- 
eral secretary. 

A large part of the time at the Congress was taken up with 
lectures on various subjects of science by Daubrde, Michel, 
Levy, Favre, Lory, Chancourtois, de Lapparent, Chas. Barrois, 
James Hall, Rencvier, St<?fancscu, Rutot, Vilanova, T. S. 
Hunt, Barrandc, Hubert, de Moeller, Gosselet, Lesley, Velain, 
Malaise, Cope, Rouault, Mortillct, Winkler, Vandcn Broeck, 
Blake, Choffat, Ribeiro, desCloizeaux,Selwyn, Virlct d'Aoust^ 
Delesse, Chambcrlin, and some others. When it is stated that 
manv of them lectured two and three and even four times, and 
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that the session of Congress only lasted one week, some idea 
may be formed of the rapidity with which the true business of 
the Congress was disposed of. This very natural license was 
followed at Bologna, and in less degree in Berlin, but still, even 
in this last session enough to cause a great many matters of de- 
tail which might have been finally disposed of, to go over three 
years for settlement. It is very natural that the eminent apostles 
of research who attend these Congresses should wish to bring 
before their fellows the latest results at which they have arrived 
and that the great body of members should wish to hear them, 
but then excursions to the boundaries of the picket lines of sci- 
ence should first be relegated to extra hours, and secondly they 
should be few enough to enable all possible business which can- 
. not be settled through the media of scientific publications, to 
occupy every precious minute of the time when the members 
are together, for the reunion is costly and difficult. 

On the last day of the session it was decided, ist, to hold the 
hext Congress in 1881 ; 2nd, at Bologna, 3rd, about the beginning 
of October, 4th, with Sella as honorary president, and 5th, with 
a committee of organization of Capellini president, Gastaldi, 
Gemmellaro, Giordano, Guiscardi, Meneghini, Omboni, de 
Pirona, Ponzi, Taramelli. 

Two international committees were appointed. That on uni- 
fication of geological cartography — figures g^ologiques — con- 
sisted of Liversidge, Dupont, Selwyn,Ribciro, Lesley, de Chan- 
courtois, de Ilantken, Giordano, de Moeller, Torrell, Renevier; 
that on unification of geological nonenclature, of Liversidge, 
Dcwalquc, T. Sterry Hunt, Vilanova, James Hall, Hdbert, 
Szabo, Capellini, St^fanescu, Inostranzeff, Lundgreen, Favre. 

It was decided that the committees should complete their num- 
bers in the cases of countries not represented, death, or resigna- 
tion, bv a two-thirds vote. Also that each member of the in- 
ternational committee should institute a local committee of which 
he should communicate the constitution to the corresponding in- 
ternational committee 

The wish of the Congress was expressed that in the forma- 
tion of the local committees the principal geological societies of 
each country should be consulted. 

The committees were to organize as soon as possible and to 
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communicate their organization to the present (Paris) Congress 
and to the committee of organization of the next (Bologna). 

Their reports were to be sent before the ist of Jan., i8Si, to 
the committee of organization of the Bologna Congress which 
should be responsible for having them printed before the open- 
ing of that Congress. 

Committees were appointed to study the questions of rules to 
be followed in establishing the nomenclature of species. These 
committees were to consist, for paleontology, of Cottcau, Don- 
vill6, Gaudry, Gosselet, Pomcl, de Saporta, and for mineralogy 
of Des Cloizeaux, and Janettaz. After the usual amount of the 
commodity designated by the English A. A. S. ^'butter," the 
Congress adjouned. 

(To be concluded.) 



THE ANIMIKE BLACK SLATES AND QUARTZYTES. AND 
THE OGISHKE CONGLOMERATE OF MINNESOTA. THE 
EQUIVALENT OF THE "ORIGINAL HURONIAN. ' 

BY N. H. WIXCHELL. 

The existence or not of a stratigraphic rock-horizon which 
could be denominated Huronian has been debated bv jjeol ovists. 
The true character of the rocks of which the Huronian is com- 
posed has been misunderstoo<l. They have been described as 
^^greenstones," in general terms, and no designation could be 
further from the truth. So long as this idea of the composition 
of the Huronian prevails, doubt and disagreement will con- 
tinue. The confusion that has arisen respecting the Huronian 
is due, to a large extent, to the contradictory and variant descrip- 
tions published by the authors of that name, that is, the geolo- 
gists of the Canadian geological survey. Mr. Murray referred 
to the rocks on the north shore of lake Huron in some of the 
earlier reports of that survey, and so far as I have observed he 
had definite and correct ideas of their nature. The name, and 
the first announcement of it, were accredited to Messrs Logan 
and Hunt jointly. Mr. Hunt, who has written largely of the 
Huronian, took his conception of its nature from samples which 
had been gathered by others, never having visited the locality 
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himself, so far as I have been able to learn ; while Mr. Logan, 
who studied it later on the shores of lake Superior where the 
rocks that Mr. Murray described on the north shore of lake 
Huron appear on the lake Superior shore, amplified the forma- 
tion by adding some strata, or some phases of the strata, that are 
not mentioned by Mr. Murray. Later still, following the defini- 
tion of the horizon which it was supposed the Huronian occupies, 
Mr. Bell and Mr. Dawson, as well as nearly all American geol- 
ogists, have swept under the same designation several lower, 
and quite distinct, stratigraphic terranes. This confusion was 
intensified by the application of another name to a group of rocks 
in northern Minnesota and the adjacent parts of Canada, by Dr. 
Hunt, which it is the object of this paper to show i^ the same as 
the principal member of the Huronian in the original area of 
Murray, on the north shore of lake Huron. This new name, the 
''Animike slates and quartzytes," was thought by Dr. Hunt, to 
cover a series of strata much later than the Huronian ; and even 
later than the copper-bearing rocks of lake Superior. They 
have been found, however, to run below the copper-bearing 
rocks, and to constitute a great formation whose extent in 
Minnesota has been found to be at least a hundred and twenty- 
five miles, and whose equivalents in Michigan and Wisconsin 
are gradually being identified. 

Mr. Irving, who has examined the area of the original Huron- 
ian within the last two years, has called attention to the nature 
of the strata of which it is composed. His general description 
is the same that I should give, with the exception that I should 
not apply the term graywacke^ to any of the rocks there found. 
The graywackes, so far as I am acquainted with them, appear 
in the Marquette and Vermilion iron regions, and probably in a 
lower formation; the strata to which Mr. Irving seems to have 
applied this term are quite different from the graywackes seen 
in the iron-bearing rocks at Vermilion. Instead of being 
coarselv granular, largely made up of feldspathic material and 
of a gray color, the beds of the Huronian are mainly siliceous, 
fine-grained and of a rather firm texture. They are inter- 
bedded with, and pass into, fine-grained carbonaceous slates. 
They are better described taken altogether, as black slates and 
q'na7'tzytes. 
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But the original Iluronian embraces, not only these black 
slates and quartzytes, which in their lower portions become the 
'*slate conglomerate" of the region, but also, overlying the 
slates and quartzytes, a great quartzyte of a different kind. 
This overlying quartzyte constitutes perhaps the most conspic- 
uous member of the original Iluronian. Its thickness is very 
great, reaching perhaps ten thousand feet. It is red in its lower 
half, and nearly white in its upper. Both parts become pebbly, 
and even coarsely conglomeritic in limited and local areas. 
There is probably no stratigraphic or physical break between 
these parts, but while on the ground during the month of July, 
1887, it became convenient to distinguish these parts by differ- 
ent names. The lower red portion was named Thessalon 
quartzyte, and the upper white, was named Otter Tail quartzyte. 
These quartzytes are composed almost entirely of silica. The 
original rounded grains are everywhere distinct as individual, 
fragmental ingredients, but the rock is so compacted together, 
and perhaps cemented by "interstitial silica," that no inter- 
granular spaces are empty. 

No one who has seen this quartzyte, and the quartzytes of 
central Wisconsin and Minnesota which have been distinjjuished 
by local geographic names, — Barraboo quartzyte, Sioux quartz- 
yte, and Barron County quartzyte, — could fail to note at once 
the similarity of lithologic and all outward characters which this 
Huronian quartzyte bears to them. This is so great that the 
observer begins at once to seek for other parallels. He finds 
these in the tilted condition of the strata, in the associated red 
felsytes, in the eruptive intrusions of diabasic rock and the ap- 
parent general parallelism of geological horizon. It is true the 
red quartzytes of central Wisconsin and Minnesota have not 
been proven yet to overlie a series of black slates and quartzytes, 
but in the northern Minnesota the Animike black slates and 
quartzytes are known to underlie a great thickness of reddish 
and gray quartzytes which have been considered the northern 
equivalent of the quartzytes of central and southern Minnesota. 

Indeed the identity of this Huronian quartzyte with these 
more southern quartzytes is so strongly impressed on the ob- 
server that he is compelled at once to assume an identity of age, 
regardless of the late dogma that lithologic characters arc of lit- 
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tie or no value in determining rock horizons; and it becomes 
almost a matter of surprise to him that this identity has not be- 
fore been shown by those familiar with the original Huronian. 
The parallelisms which I considcrestablished, or highly prob- 
able, can be tabulated as follows: 



Minnesota. 



Wisconain. 



i< 



' Sioux Quartzy te and Barraboo Quartzy te. 

Catlinite beds. 

New Ulm Barron Co. Quartzyte. 

Quartzytc. 

Wauswaugonin^ (Felsytes of central 
bay Quartzy tes. Wisconsin.?) 



"Animike slates and Rocks of the Gogebic 



2< 



Quartzytes. 
The Gunflint Beds. 



range. 



Origitttd Huronian, 
Otter Tail Quartzyte. 

Thessalon Quartzyte. 

(The upper quartzytes 
of the region.) 

The Upper black slate. 



3< 



Ogishke Conglom- 
erate. 



The modified con- 
glomerate south of the The Lower slate con- 
Gogebic range, (the glomerate, 

granite.) 

No attempt will be made here to find parallels of these for- 
mations in other parts of the country. It is suffcient to call at- 
tention to the discovery of fossils of primordial character, or 
perhaps pre-primordial, in the Catlinite beds of south-western 
Minnesota, and hence to the necessity of removing the Huronian 
from the Archaean. 



THE UNCONFORMITIES OF THE ANIMIKE 

IN MINNESOTA.* 

BY A. WINCHELL. 

"Animike" is a term employed to designate an jLssemblage 
of strata occupying a position between the Copper-bearing, 
Nipigon, or Kewenian series of lake Superior and the great 
gneissic and granitic base commonly designated Laurentian. 
The precise stratigraphical position and equivalences of the as- 
semblage are not yet settled by common consent; and it is the 

' The observations here recorded were made during a connection with 
the work of the Minnesota geological survey, and are publislied with the 
sanction of the state geologist. Full details will be given in the sixteenth 
annual report of the survey. 
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purpose of this paper to contribute a few facts suited to throw 
light on the question. 

The Animike formation covers an extensive area stretching 
from Thunder bay of the north shore of iake Superior, south- 
westward as far as Duluth, and still beyond to the Mississippi 
river. The lake-shore belt, however, from Grand Portage, for 
an average width of about twenty miles, is occupied by rocks of 
the Kewenian series. The Animike rocks for the greater part, 
arc evenly and thinly laminated, and have a southerly dip along 
the international boundary of about f\\ii to ten degrees. They 
embrace a great thickness of black carbonaceous argillytes, 
varying to pure slaty argillytes, black magnctitic slates, often 
rich in iron, and siliceous schists sometimes quite purely siliceous 
and ranging in color to chalcedonic, flinty, chcrty and red- 
jaspery. The magnetitic horizon presents, over an extensive 
area west of Guiiflint lake, on the boundary, remarkable de- 
posits of valuable ore ranging from lean to nearly pure magne- 
tite. At a lower horizon are beds of ferruginous (perhaps 
sideritic) dolomite, and compact sandstone holding a considera- 
ble percentage of fine granular orthoclase. The territory of 
the formation is characterized by high precipitous bluffs facing 
northward, but sometimes westward, and generally capped by a 
thick table of gabbro, which, on the eroded side, presents rude 
columnar aspects.' 

Sir William Logan regarded the formation as the " Lower 
Group" of the copper- bearing series. Mr. Bell in his reports 
of 1S66-9 and 1872-3, expresses the same view. Macfarlane,* 
on the contrary, described it as newer than the copper-bearing 
series. Dr. T. S. Hunt, also, who was the first to propose the 
name "Animike," (from the Chippewa for "thunder")' at first 
considered the formation as lying above the copper-bearing 

' Full descriptions of the formation may be found in Logan's Geology 
of Canada, 1863, pp. 66-70, and more extended, in Irving's Copper-bearing 
Rocks of lake Superior. Monographs of the United States geological 
survey, vol. v, pp. 367-386; also Third annual report of U. S. Geol. Sur- 
vey, pp. 157-163. The reader may consult also. Bell, in Geol. Surv. of 

mada, Report for 1866-1869, pp. 318-19, and Rep. 1872-3, pp. 92-3. 

^ Canadian Naturalist, New Series, iii, 252 ; iv, 38. 

'Hunt, Trans. Am. Inst. Mining Engineers, vol. i, p. 339. 
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rocks; but in 1S83 he announced the opinion that their place is 
below.* N. H. Winchell, in iSSo, considered the Animike "to- 
be only a downward extension of the Cupriferous Series."* 
The inferior position of the Animike has also been maintained 
by Irving^' in various publications. But he does not rcjj^ard it 
as the lower part of the Kewcnian.* He holds it to be an older 
system of series separated from the Kewenian by a long inter- 
val of erosion, if not bv an unconformitv. He holds it to be the 
equivalent of the typical Huronian of Canada, north of lake 
Huron. But he also parallelizes it with the iron- bearing schists 
of the Marquette, Menominee, Gogebic and Vermilion regions. 
After a general survey of the rocks of the various regions, he 
concludes: " It thus appears that the Marquette and Menominee 
iron-bearinjj schists are essentiallv the same litholosricallv, with 
those of the Animike group of the north shore.''* And again: 
^•The original Huronian, the Animike slates, the Penokee iron- 
rocks and the iron-l>earing rocks of the Marquette and Me- 
nominee regions, appear to me, then, in all probabilitv, to belong 
together, and I may hence properly call them all Huronian.''* 
Again, speaking of the rocks in northeastern Minnesota assem- 
bled by Bell in the Huronian, professor Irving expresses a 
doubt whether the mica-schists and hornblende-schists are not 
rather dependencies of the older gneisses; but in reference to 
the whole Huronian a>semblage' of Bell, he concludes: "In 
the present state of our knowledge, it seems probable enough 
that a large part of them should be so referred.*^' He recog- 
nizes the dirticulty presented in the attempt to make the flat- 



* Hunt. The Taconic Svstem in Geologv. Trans. Rov. Soc. Canada, 
vol. I. sec. iv. p. 250. 

- N. H. Winchell. Ninth Ann. Rep. Geo!. Surv. Minn., p. 70. 

'Irving, Third Ann. Rep. U. S. Geo!. Surv., pp. 157.163; Monographs 
l". S. Geol. Surv., vol. v, (iSS3.'» pp. 367-3S6. 395; Preliminary Paper on 
an investigation of the Archa*an formation^ of the Northwestern States, 
March, i>^ extracted from sixth Ann. Rep. U. S. Geol. Surv., X)3-205. 

♦ This form of the term is preferred to " Kewenawan.*" both because 
more euphonious and of earlier introduction. We are indebted to Hunt 
also, for this designation. It is. however, a svnonym of "Nipigon." 

* Monographs, vol. v, p. 394. 

• Monographs, vol. v. p. 395. 
' Monographs, vol. v, p. 206. 
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lying Animike rocks the equivalent of the perpendicular clastic 
slates of the Vermilion lake iron-bearing schists; but he at- 
tempts to remove the difficulty by stating that broad gneissic 
and granitic masses everywhere intervene between the areas of 
the two sorts of schists, and reminding us of the possibility that 
the upheaval of them might leave the strata on one side at no 
great distance from the upheaval, still in a horizontal position, 
u'hile those on the opposite side may have been tilted to verti- 
cality. It is useless to discuss the correctness of the principle, 
since it now appears that the Animike slates and the Vermilion 
slates are not always separated as supposed. I cannot occupy 
the space in the present article requisite to prove this position ; 
since, after explaining to the general reader what the Animike 
series is, it is my sole object to point out some interesting ex- 
amples of its unconforir.ity with older rocks. 

The vertical earthy schists which embrace the vast haematitic 
deposits of Vermilion lake, in northern Minnesota, are tracea- 
ble, without any important discontinuity, northeastward to Oak 
lake, which lies on the boundary immediately west of Saganaga, 
and eastward to West Seagull and Frogrock lakes. At this 
limit a coarse syenite, with scattered, large angular individuals 
of quartz, intervenes for a distance of about twenty miles along 
the national boundary and south of it. This syenitic belt is the 
crossing of the Giant's Range, which trends from the east- north- 
east toward the west-southwest. At Gunflint lake occur the 
first conspicuous exposures of the Animike. The norhwcstern 
swell of the lake stretches easterly and westerly into a couple of 
bays bordered on the north by the Saganaga syenite and on the 
south by hills of Animike slate. On the southern side of the 
eastern, or Black Flv bav, the two formations are traceable al- 
most to the eastern extremity, where a breadth of not over 
twenty rods separates the two shores. The hill on the south 
side is crowned with gabbro. 

The lake is bordered on all sides by dark shales of the Animike 
gently dipping southward, except about a mile near the middle 
of the north shore. Here (Halt 1353, see map) a very differ- 
ent formation comes into view. It consists of slates, mostly 
argillaceous and parophitic, standing vertically and striking 
>J. 72*E. An excursion of half a mile into the interior shows 
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this formation continuous. The surface rises in a succession of 
parallel, interlocking high ridges, all having the same aspect as 
the cliffs on the shore. At about half a mile, the slate begins to 
be interstratified with layers more or less inclining to a micaceous 
slate. Continuing northward in the expectation or finding mica- 
schist fully developed, gabbro suddenly appears in a thin bed 
covering the crest of the hill, and concealing the formation un- 
derneath. 




Fig. I. Outline of Gunflint lake, with the exclusion of the eastern ex- 
tremity. 

The American territory covered is from the government plats. The 
section lines of the American survev are extended over the Canadian 
territory, and the principal features of the Canadian shore have been 
located by means of bearings taken from points fixed by the American 
jjurvev. 



Westward from 1353, the vertical schists can be traced nearly 
to the head of the little bay, where the Ani mike-covered oppo- 
site shore is not over one eighth of a mile distant. Eastward from 
1353, the vertical slates rise in high cliffs for half a mile, and 
the formation is traceable, sometimes capped with gabbro, to 
near 1355, where it strikes inland, leaving the shore occupied 
by Animike. In this distance of a mile and a half from the 
head of the bav, the iron-bearing shales of the Animike rise 
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above the water-level in two or three places, and at 1362, they 
come within seven feet of contact with the vertical slates.' 

Subsequently, I made with my brother, a traverse from an- 
other point of the shore, Halt 1 297, due north for over a mile, 
along a line previously measured by surveyors employed by 
Sedgwick & Brotherton of Chicago. The gabbro at this 
point, comes down to the shore, but Animike slates are seen 
rising from beneath it at the distance of a third of a mile ( 1418). 
At half a mile inland, vertical slates are found rising in a hill 
slope. These are lithologically identical with those at 1 353, and 
lie in their strike at the point of disappearance near 1 355. A 
few rods beyond, across the strike, the slates become a porphy- 
ritic, sericitic argillyte, weathering much like the porphyritic 
porodytc of Vermilion lake,* but with feldspar individuals along 
with the quartzitic. Still beyond, the porphyritic slate becomes 
interbanded with thin layers of uralitic hornblende schist — five 
hundred alternations of which I estimated in the space of three 
rods. This condition is soon succeeded by well established 
uralitic hornblende schist, in a belt eighteen rods wide. This 
if much contorted, showing proximity to the ancient seat of 
some powerful dynamic action. The next ridge has the weath- 
ered aspect of syenite, and consists of quartz, white orthoclase 
and uralitic hornblende, aggregated in a gneissic condition. 
Well characterized Saganaga gneiss is reached at the distance of 
a mile and a quarter from the lake shore. Fuller details of the 
interesting lithological transitions observed will be given here- 
after. The stratigraphical relations noticed on this trip are il- 
lustrated in the subjoined figure. 

Another traverse was made by Mr. Stacy from near Halt 1355, 
a mile west from the last mentioned. The vertical schists were 
found to continue from the shore for a distance of three quar 
ters of a mile, when the usual transition to micaceous strata oc 
curred, and at a mile from the lake, gneiss was fully established. 
Not far beyond this, the rock seemed to be well marked syenite 

I These observations were made in August, 1887. As no record had 
been published of any observed superposition of Animike on the Ver* 
milion slates, I forwarded an announcement to the American Journal 
OF Science, which appeared in the October number. 

* See the fifteenth Ann. Rep. Geol. Surv. Minn. p. 20, etc. 
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The belt of crystalline schist was found a quarter of a mile 
wide. 

This range of slates was visited by N. H. Wi:ichell, in 1880. 
and he reported it as "underlying the quartzytc and gunfiint 




beds [Aniniike] apparently unconformably. At least, it is an- 
other and distinct formation from the slates at Grand Portage." ' 
"The close proximity of this flint and jasper locality to the 
next great underlying formation (syenites and slates) makes it 
one of great interest to the geologist, but so far as scrutinized, 
as yet, the true relations of the two formations are not revealed 
by anything here seen, [just east of the Narrows — see fig. 1} 
though there seems to be an u neon form ability between them."' 
In the October (1887) number of the American Journal of 
Science, appears the second part of a very important discussion 
from the pen of professor R. D. Irving, in which his figure 9 
presents a fundamental resemblance to my figure 2; but his in- 
terpretation of the facts is quite different from mine. Professor 

' The vertical schists are here designated Kewatin hecause Bupposedlo 
be included in the original "Keewatin" of Lawson. The spelling is simpli- 
fiedi but if this term is to be adopted, il ought to be conformed to the es- 
tablished orthography of Chippewa terms. This is properly pronounced 
Ke- way 'tin— not Ke-wah-tin, and ought to be spelled Kewatin or Kl- 
w^-tln. (See "Instruction for research relative to the etymology and 
philology of America," by George Gibbs, in Smithsonian Miscellaneous 
Collections, No. 1601 also, Contributions to American Ethnology, vol. i, 
pp. 249-51; vol. 3, pp. 443-5.) 

» N. H. Winchell, Ninth Ann. Rep. Geol. Surv. Minn. (1880) p. 82. 

• N. H. Winchell, Tenth Ann. Rep. Gcol. Serv. Minn. (18S1), p. 88. 
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Irving appears to regard the vertical schist as part of the assem- 
blage of crystalline schists and gneisses holding a position be- 
neath the iron-bearing schists of Vermilion lake while I consider 
them without a doubt, to be the equivalent of the iron-beafing 
and iron-enclosing schists themselves. In my view, conse- 
quently, the Animike slates of his figure 7 are quite another 
thing from the "Vermilion Iron Scries" of the same figure. 
The grounds of my divergent interpretation of the approximated 
formations will be fully stated in another place. 

The junction between the Animike slates and the underlying 
vertical or Kewatin slates is interestingly shown at other local- 
ities. At the southeastern point of Epsilon hike, at the end of 
the portage from Zeta lake, — both in T. 64, R. 6 W. — occurs a 
high cliff of dark argillytc cleaved by smooth planes running 
N.30® E, and having a southward dip of 75® . But the faces of 
the sheets arc marked by a fibrous striation dipping westerly at 
an angle of 54® . This, if a sedimentary dip, is such that the 
Ogishkc conglomerate, which disappears northerly not far from 
this spot, would be found underlying, 

A third of a mile north from here, on the east side of Epsilon 
lake, dark argillyte of character similar to the last, forms a high 
bluff in which the usual cleavage planes strike N. 35® E, and 
dip southward 67® . Here, however, are colored bands running 
across the faces of the laminai, and dipping westward at an angle 
of 14® ; but further examination shows these bands to be lines 
of bedding which dip southward at an angle of 60° . Here then, 
appear to be two localities in which the usual vertical slatiness 
exists, while the bedding is quite unconformable. But these 
features belong to the whole exposure, and the slate presents 
lithologically the characters of the argillytes of the Animike. 

Half a mile beyond the last locality, and on the north side of 
the lake^ is an outcrop of bluish, somewhat irregular, argillyte, 
which rises in a hill a hundred feet high, separating Epsilon 
lake from the southern bifurcation of Arm IV of Knife lake. 
The formation here posesses the usual schistic structure of the 
vertical schists of the Vermilion iron-bearing schists, but dis- 
closes no diagonal ribboning on the lateral surfaces of the sheets. 
The schistositv is evidentlv coincident with the sedimentation 
planes. 
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Finding characteristic Kcwatin slates within half a mile of 
characteristic (but rather steeply dipping) Animikc slates, it 
became very important to find their junction, which must occur 
at some intermediate point. Happily, a careful search brought 
the junction to light. At this point is a low projecting hlu£f of 
slate, in which the usual vertical cleavage is conspicuous at all 
points, and careless observation would pronounce the whole ex- 
posure one in character and age. Careful inspection, however. 




Fig. 3. Junction of Animlke and Kewatln. South cfde of Epsilon lake, 
T 64, R 6 W, Mlnneeota. 

shows the boss of slate on one side to possess a ribboned charac- 
terdipping 8,43', adark complexion and very smooth cleavage; 
while that on the north is a rough and older looking slate, with 
no graining or ribboning unconformable with the schistosity. 
On the contrary, due research discloses the existence of bedding 
planes conformable with the schistosity, and also giving evidence 
of their sedimentary origin. In short, we have here Animikc 
slates on one side resting uncomformuhly on the Kcwatin slates 
of the other side. The precise junction is not exposc<l, that 
being, as usual, more eroded than the masses on either hand, 
with the depression covered by detritus. 

Similar but less conclusive observations at many other points 
led me to the conclusion that many of the depressions in the old 
eroded surface of the Kewatin, in the region from Gunflint lake 
to Knife and Sucker lakes, have been filled with Animike sedi- 
ment, and both formations subsequently subjected to the com- 
mon influences which have imparted to both that wonderfully 
persistent and uniform vertical schistosity which is so striking a 
feature. The most eastern discordance known is in see. 1, T. 
64, R. 3 E. 
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I wish to cite one more instance of the local relation of the 
Animikc to the gneissic rocks of the region of Gunflint lake. 
From the western extremity of the northern swell of the lake, 
a distance of two mileR west along the northern section line of 
sections 24 and 23 of T. 65, R. 4 W, and then a quarter of a 
mile south along the western line of section 23, brings ns to an 
outcrop of the Animike which incloses a heavy deposit of mag- 
netic iron ore. The outcrop Is less than a tjuarter of a mile 
south of a ridge of gneisx w hich marks the southern boundary of 
the Giant's Range. We find exposed here in a bluff, a bed of 
magnetite about six feet thick, underlaid by eight feet of thick- 
bedded rock of which the upper part is composed of fine grains 
of quartz and orthoclase, with argillaceous matter, and the tower 
part is bluish, finer and more compact; but neither of these 
rocks has been particularly studied. The dip here is 13°. In 
the immediate vicinity a test pit has been sunk (fig. 4) which 




F.K 4 J urn 
flint lake. 

G, Vertically schistose j;""'^''- ■'■ The prineipal iron beds. 

K, Vertkal Kcwatin (not seen here), e, La_ver of gravelly earth. 
A', Nearly hoHioiHal Animikc, upper beds. 
A', Animike, lower beds of Ihc vicinilv. 
passes through all the Animike lieds present and terniinales oh 
the gneisK. The magnetite here is from three to four feet thick, 
but varies in quality both horizontally and vertically, iiuiing 
downward in a broken, cherty zone. At the plane of contact 
between the Animike and the gneiss is a layer of brown earthy 
matter about four to six inches thick. In places, this appears a 
sheet of Animike rusted and decayed, but the greater part of 
the bed plainly comes from the decay of tiit: gmis': for it 
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abounds in ji^ravel which apparently represents the quartz. 
This bed probably continues southward until the Kcwatin be- 
comes the subjacent formation; and the latter, according to 
uniform observation, must stand in vertical conformity with thq 
gneiss. 

It is noticeable here that the lowest beds of the bluff are 
wanting in the pit. The higher beds appear to extend farther 
northward, as if the gneiss had been subsiding during the deposit 
of the Animike. The iron, too, is located in these beds, though 
generally the iron horizon is considered to belong in the lower 
part of the formation. 

Similar unconformities of the Animike as described, on the 
iron-bearing series as described, are repeated, apparently, in the 
Marquette region. Hut in this place I must restrict my remarks 
to Minnesota. 

If the magnetitic, Huronian Animike reposes unconformably 
on the hiematitic, uncrystalline, super-Laurentian series of the 
lake Superior basin, we have a wide-extended system of slates 
which invites serious taxonomic consideration. 



ON A NEW GENUS AND NEW SPECIES OF TUBICOLAR 

ANNELIDA. 

IJV PKOFKSSOR S. CALN'IN. 

I am indebted to professor B. Shimek of the Iowa City High 
School for a number of fragments of Acei'vnlaria davidsoni 
Ed. and II., which contain as enclosures the shells of a very 
peculiar and very interesting tubicolar worm. The specimens 
were procured at Robert's Ferry in Johnson county, Iowa. So 
far as 1 now know the tubes of this worm are only found em- 
bedded vertically in the solid coralla of Acei'vularia. Further- 

m 

more the species, except at the locality mentioned, must be ex- 
ceedingly rare. Of the many hundreds of specimens of Acer= 
vu.aria that I have collected, or seen exposed at the quarries or 
along the natural exposures near Iowa City, at Littleton, or at 
numerous other places where this coral abounds, none have 
shown any indications of the tubes in question. If the tubes 
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were small and inconspicuous, we might suppose that they had 
been overlooked, and that further examination would show 
them to be more generally distributed than we are at first in- 
clined to believe; but in place of being inconspicuous the tubes 
are not unfrequently a quarter of an inch in diameter and two 
inches in length. Moreover, unlike all other worm tubes of 
the group known to me, these are uniformly coiled in a long, 
loose, somewhat irregular spiral, and the successive brownish 
volutions stand out conspicuously on the freshly fractured sur- 
faces when the coral is broken in the right direction. It would 
probably be a better description of the actual state of affairs to 
speak of the tubes as twisted rather than coiled. The volutions 
while for the most part in contact, lack the regularity of the 
volutions of LoxonemUy Murchisonia or any of the long spired 
gasteropods, resemblance to which a first glance is likely to sug- 
gest. The irregularities about the sutures remind one of the ef- 
fect of torsion, and the tube diameter is not unfrequently di- 
minished between two contiguous volutions. All the irregular- 
ities and appearance of twisting, however, are tlue to peculiar- 
ities in the mode of growth and not to any agencies that have 
affected the tubes since they were formed. 

In all the specimens before me the spiral is sinistral. A sec- 
tion across the axis is circular or sub-circular. The surface is 
marked by transverse lines of growth that are approximately 
parallel and horizontal throughout the whole length of the tube, 
any change in the direction of the successive parts of a given 
volution producing no change in the general parallelism of the 
lines of growth. It would seem as if the mouth of the tube had 
•been always horizontal, quite regardless of the fact that the as- 
cending spiral axis dunng the growth of any simple volution 
was directed successively to every point of the compass. The 
upward growth of the tube was effected by the addition of 
equal vertical increments all aroinid the margin of the aperture, 
and yet, notwithstanding all this, the creature managed to coil 
around an imaginary vertical axis with surprising regularity. 
There are no longitudinal markings of any kind, except that 
very rarely there are faint grooves and ridges, evidently due to 
contact of the edges of the septa of the coral with the outer sur- 
face of the tube. The tube tapers very gradually, and the 
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spiral axis never departs horizontally as much as a half tube- 
diameter from the imaginary vertical axis. 

While the worms here referred to were not social, yet a large 
number may be found embedded in a single corallum. Their 
occurrence in the midst of the coral substance, closely and firmly 
embraced by it on all sides, reminds one of the Scrpula tubes in 
the Meandrinas, from the modern reefs of Florida and the West 
Indies. The Serpulas that are found associated with Mean- 
drina, however, are attached first to the side of the corallum^ 
usually to the surface of a dead portion near the base, and, ex- 
tending upward until they reach the living part, are by the 
lateral growth of the colony enveloped in the stony secretion. 
From the point of earliest attachment, all along up the side, 
the Serpula tube is soldered fast to the corallum. The tube 
may be variously flexed ; but the one condition that it must ad- 
here to the surface of some solid bodv throughout its whole 
length, precludes the possibility of spiral growth. The mouth 
of the Scrpula tube, after it is fairly enclosed in the stony se- 
cretion of Meandrina, does not usually advance beyond the sur- 
face of the coral. The growth of the tube and the growth of 
the coral seem to progress with equal step. 

Now it seems to me that the worms that became associated 
with Acervularia at Robert's Ferry could not have been first 
attached to the sides of the corallum, but must have settled down 
among the living polyps on its surface. The embryonic shell 
was attached by its tip or apex, not by its side. The upward 
growth of the coral clasped and held it firmly as fast as it was 
formed. Probably the tube always projected a little beyond the 
surface of the corallum. This would indeed seem to be neces- 
sary in order to afford perfect freedom for the swinging of the 
worm around a vertical axis; a swinging which was necessitated 
by the conditions of spiral growth. 

The worms that infested Acervularia were related in some 
respects to Serpula or Serpulites. The tube is simple, without 
vesTculose walls or internal annulations. It differs therefore 
from the complex tubes that characterize the genus Co7'7iuHtes 
of Schlotheim, as well as from the small tubes, found in colonies 
on which Nicholson (American Journal of Science, third series, 
Yol. iii, p. 204,) founded his genus ConchicoHtes. Nor is there 
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anything to snggest generic relationship between these worm 
tubes of Acervularia and the Salterella of Billings, (Pal. Fossils, 
vol. i, p. 17.) This last genus comprises "small, slender, elon- 
gate-conical tubes, consisting of several hollow cones placed one 
within another." The pretty spiral worm tubes of the genus 
Spirorbis arc coiled in a plane and attached by one side only. 
The tubes that constitute the subject of this paper differ from all 
others known to me in being more or less regularly coiled around 
an elongated axis, and in being from the beginning of their 
growth supported on all sides. I therefore, provisionlly at leasts 
propose to make them the type of a new genus as follows: 

StreptindyieSy n. g. Worm solitary, inhabiting a simple cal- 
careous tube spirally coiled around an elongated imaginary axis. 
Diameter of tube increasing very gradually from the apex,^ 
sometimes constricted between the volutions. Tube walls thin^ 
marked externally by parallel lines or annulations of growth. 
Mode of growth apparently requiring that the tube be supported 
equally on all sides. The typical species growing vertically in 
corals. 

Streptindytes acervularics^ n. s. Tubes with the spiral sinis- 
tral, growing in greater or less numbers in coralla of Acervula^ 
ria davidsoni. Tubes varying from one-eighth to nearly one 
iourth of an inch in diameter, and from one to two inches in 
length. Surface marked by fine parallel lines of growth. No 
longitudinal strise. Spiral somewhat irregular. In a typical 
example, where the tube is about one eighth of an inch in diame- 
ter, the distance from middle to middle of two contiguous volu- 
tions is one fourth of an inch. 

Found in strata of the Hamilton period, Devonian age, at 
Robert's Ferry, Iowa. 

Species of Streptindytes may have lived in other corals than 
Acervularia. They may have lived indeed embedded, tip 
downward, in soft mud, or in any other situation where the 
growing tube would be subject to similar conditions on all sides. 
They could never have had the habit of Serpula or Serpulites^ 
the genera to which Streptindytes^ in the matter of shell struc- 
ture, stands most closely related. 

Finally it is highly probable that at least specific modification 
was necessary to enable our Robert's Ferry species to establish 
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itself and live successfully in the midst of a o^rowing colony of 
Acervularia. To have lived in other genera of corals or in soft 
sediment would have required still different adaptive modifica- 
tions. There is therefore little impropriety I hope in calling the 
ivorms of our new species Twisted in^dwellers of Acervularia. 

Iowa City, Iowa, Oec, yth^ 2887. 



NOTES ON THE FORMATIONS PASSED THROUGH IN 
BORING THE DEEP WELL AT WASHINGTON, IOWA. 

BY PROFESSOR S. CALVIN. 

The deep well at Washington, Iowa, is located in the eastern 
edge of the city. From the surface to a depth of 350 feet the 
horing passed through su])crficial deposits of drift and modified 
drift. There were beds of gravel, sand, and clay, presenting 
the usual characteristics observed in the regions of modified 
<lrift in Iowa. The blue clay, so widely distributed in all the 
drift-covered portions of the Northwest, occurs conspicuously 
in the deeper borings from the superficial deposits. 

The "forest bed" was reached at a depth of 115 feet. Peaty 
matter with the usual accompaniment of pieces of wood and 
twigs of trees were brought up from this depth. By all means, 
however, the most interesting specimens obtained from the 
*' forest bed" were ten small cones, evidentlv cones of the black 
spruce, Abies nigra. This, so far as I now recall, is the first 
time the fruit of the old interglacial forest trees has been ob- 
tained in this state. The species indicated by the cones is sug- 
gestive of climatic conditions somewhat more rigorous than 
those which now obtain in the latitude of Washington, Iowa. 

A dark shale, more or less calcareous in some of its layers, 
was encountered from 350 to 432 feet in depth. This probably 
represents the lower part of the Kinderhook beds, as this forma- 
tion is defined by White, GeoL of Iowa, 1S70. About three 
miles west of the point where the boring in question is made, 
rocks of the age of the Upper Burlington limestone occur 
near the surface and are quarried somewhat extensively for 
building purposes. At the well the Burlington and part of the 
Kinderhook slates had been removed prior to the deposit of the 
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earlier drift, and 350 feet of superficial detritus scarcely suffice 
to bring the surface up to the level of the limestone at the 
quarries west of the city. 

At a depth of 458 feet the samples show a light colored 
magnesian limestone of rather fine texture. The borings from 
this depth contain the only recognizable fossils found below 
the "forest bed." Fragments of Atryfa reticularis Lin. and 
of Athyris vittata Hall, indicate very clearly the horizon of 
the Hamilton limestone and shales as these are developed at 
Iowa City, Davenport, or Independence, Iowa. 

With some alternations of shale and limestone the Devonian 
deposits extend to a depth of 500 feet. At this depth the last 
of the borings referable to the Devonian were obtained. 

The next samples are marked 532 feet and consist of calcif- 
erous sandstone, which at 585 feet passes into a purer sand- 
stone and as such is continued to a depth of 632 feet. As,. 
however, the next sample is marked 702 feet, we may infer 
that the sandstone extends almost to that depth. This 170 feet 
of sandstone evidently represents the deposits of the Niagara 
period. 

At 702 feet we find a fine bluish or greenish shale, identical 
in all respects with shales of the Hudson River group, as seen 
in the bluffs at and below Bellevue, Iowa. Clay shales, some- 
times with an admixture of sand, and again with some calcare- 
ous matter, are continued down to a depth of 793 feet. This 
group of shales are plainly referable to the Hudson River 
shales of Hall or the Maquoketa shales of White. 

Grayish limestones, not dolomytes however, from 803 to 963 
feet are probably the equivalents of the Galena limestone of 
eastern Iowa. 

At 1020 feet the borings consist of dark, fine-grained lime- 
stone mixed with considerable carbonaceous shale. There is 
little difficulty in recognizing in this limestone and shale the 
Trenton of Iowa and Wisconsin. The bits of carbonaceous 
shale are quite rich in bituminous matter and burn with flame 
and smoke when ignited. Similar shales, that one may light 
with a match, constitute partings between the beds of Trenton 
limestone at Boat-Yard Hollow, opposite Dubuque, at the 
mouth of the Turkey river, and at many other places in Iowa. 
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The Trenton limestone with its ordinary lithological charac- 
ters in the Northwest continues down, as shown by the borings, 
to a depth of 1059 feet. At 1082 feet is a bed of sandstone, 
and from 10S4 to 1095 feet is an arenaceous shale, both of which 
probably belong to the Trenton series. 

From 1 100 to 1200 feet the borings show the usual charac- 
teristics of the St. Peter's sandstone. Some of the specimens 
are pure white, granular, resembling refined sugar. Others are 
brownish or reddish, stained with metallic oxides. At 1 145 
feet, the sand when taken out was pure white, but owing to the 
combined action of the atmosphere and moisture it has since 
changed to a bright red. The change is most marked at the 
sides of the bottle, the sand in the middle retaining nearly its 
original color. 

At 1228 feet is a thin bed of bluish shale that I am inclined 
to think represents the Lower Magnesian limestone. This can 
be better determined after the boring has progressed somewhat 
farther. If the conclusion is correct, then a grayish sand 
marked 1230 feet represents the upper part of the Potsdam 
series.' 

The geological horizons that may be determined with a great 
degree of certainty are the Hamilton, Hudson River, Trenton 
and St. Peter. A noticeable fact and one of great interest is 
the absence of dolomytes. In place of the dolomytes of the Ni^ 
agra period we seem to have 100 feet of sandstones. The place 
of the buff or cream-colored, coarse, granular Galena limestone 
seems to be filled with a grayish limestone not dolomitic. Fi- 
nally, if my conclusion regarding the shale at 1228 feet be cor- 
rect, wc have the Lower Magnesian limestone represented by a 
bed of clay. While the deposits of the Lower Magnesian 
limestones were going forward in northeastern Iowa, the place 
now occupied by Washington, Iowa, was more remote from 
the then-existing shore line, and was more deeply submerged 
than any point at which we now find these limestones exposed. 
The same may be said with reference to the other dolomitic 
formations. Can it be that dolomyte is only formed near the 
shore? The Hudson River shales, the Trenton limestone and 

' Prof. Calvin here probably means to indicate the upper part of the 
St. Croix formation of the Mississippi valley.— N. H. W. 



Clayfole an Natural Gas, 31 

the St. Peter's sandstone pass away out under Washington 
practically unchanged, but dolomitic deposits seem not to have 
extended very far seaward. 



THE FUTURE OF NATURAL GAS. 

BY E. \V. CLAYPOLE. 

The excitement over the wonderful supply of gaseous fuel 
which began about four years ago and has since risen to fever- 
heat will form one of the most remarkable events in the history 
of economic geology in North America — second only, if vsecond, 
to the great oil-craze of twenty-five years ago. The narrative 
stripped of all exaggeration is sufficiently striking to sound more 
like a chapter from the Arabian Nights, than a plain unvarn- 
ished story from actual history. lioth may be fairly entered 
among the **fairy tales of science." The wild speculation — the 
mania which marked the years from 1S60 to 1865 — was repeated 
on a somewhat smaller scale in 1885 and 1886. As a forest of 
derricks arose in the few favored spots in Pennsylvania to bore 
for oil so has a similar forest arisen in almost every state in the 
Union to pierce and probe the strata in order to discover 
whether or not they contain any store of natural gas. The re- 
sult as we all know has been that a few places have found a rich 
supply of fuel ready to spring forth and do their bidding at a 
merely nominal cost, while the greater part of the country has 
proved to be barren territory, yielding only "dry holes." 

Foremost among these favored spots is Pittsburgh near which 
have been developed surprising quantities of this clean and cheap 
fuel, the effect of which has been to render the once dirtiest city 
of the Union comparatively smokeless, and its air comparatively 
clear. 

Second to Pittsburg, but second only at an enormous interval, 
comes Findlay, O., which town has also found large stores of 
gas. Many other places in different parts of the country have 
had more or less success in their search and are enjoying pro- 
portional advantage. 

The new fuel has naturally attracted manufacturers to the 
places where it can be obtained, and the to'wns that possess large 
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gas- wells have exerted their utmost endeavors to encourage this 
immigration by offering free sites and other privileges to firms 
that would consent to remove. 

Other towns felt that they were placed at a disadvantage, and 
seeing no reason why they also should not obtain gas began to 
sink wells in quest of it, in almost all cases without success. 
Many of these explorations were undertaken and carried out 
against the advice of geologists, who saw no prospect of any 
thing but failure and whose prophecies have in nearly all cases 
been literally fulfilled. 

A review of the whole subject so far as it has been yet de- 
veloped, suggests to every observing mind the query, '•'What 
is to be the future of natural gas? Is it going to be a per- 
manent addition to our natural working resources — an addition 
that can be relied on for ages to come — or will it prove a pass- 
ing, fitful supply, likely to run out almost before we have 
learned how to use it? Will it be a star or a meteor, a lamp or 
a will-'o-the-wisp?'' 

Whatever may be the opinion of the dealer and the specula- 
tor whose interests are boundL up in the gas-supply, the geolo- 
gist has but one answer to this question. He feels confident 
that however great and surprising may be the present exhibition 
of natunil gas it will infallibly ere long run out. It may not 
be easy to convince people generally of the truth of this opinion, 
because it is contrary to their wishes. But there can be no 
doubt of its essential truth, and that a comparatively short time 
will witness the exhaustion of all the roaring gas-wells that are 
now vomiting forth their vast supplies of natural fuel. Their 
roar will grow less and less until it dies into silence and their 
glowing flame will grow dimmer and dimmer until it fades into 
darkness. 

What ground, we shall be asked, is there for this melancholy 
foreboding? Why prophesy evil things in this our day of 
prosperity and abundance? Why play the croaker amid gen- 
eral exultation ? We reply that it is better to know the truth 
even if unwelcome than to nurse a falsehood till it bursts as a 
bubble, and leaves us with nothing instead of our fancied pos- 
session. 

Though the exhaustion of our supply of natural gas has been 
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an unwelcome prediction yet a calm and unprejudiced review 
of the evidence points strongly to it. Look at the present con- 
dition and read the past history of the once famous oil-fields of 
Pennsvlvania and see what thev can teach us. Read the story of 
the great Pennsylvanian gushers and note their present state. It 
is almost mournful to walk through those scenes of fahulous 
\vealth and waste only twenty years old. It is saddening to 
visit the great Franklin oil-field of Venango county and seethe 
hill-side dotted with derricks standing over wells from which 
v/ithin a decade or two flowed forth dark green streams of oil 
at the rate of one, two or even three thousand harrcls per day. 
There they still stand thick together like giant skeletons in the 
forest. On each one seems to he written *'Ichahod," "the glory 
is departed." Only by extreme care and economy can these 
fabulous monsters of the past be made to yield enough to pay 
their costs. A small solitary steam-engine stands amid a group 
of wells and by means of long swaying rods works a pump in 
each. Slowly the piston rises and falls and the long rotls creak 
and groan alone among the trees. Xo man is near. Night 
and day they toil unwatched and untended save for an occa- 
sional visit from the engineer when anything gives way. And 
as the result of all these labors a small trickling stream of oil 
flows down the hillside through an iron pipe into a barrel 
placed below. Even of this small stream the greater part is 
only brine, worthless and troublesome, and the net results from 
some of these giants of old is but one, two or three barrels of 
oil daily. 

Substantially the same story may be told of all the oil- 
regions. Exhaustion stares the visitor in the face everywhere. 
Their day is past. The quiet old towns that sprang into sudden 
energy and activity during the oil-craze have sunk back to their 
former quietness and lethargy. The new oil towns that leaped 
into sudden being at the touch of the enchanter's wand have 
sunk as quickly as they rose and the grass is now growing in 
their once busy streets. Corner lots are at a discount, and often 
the ruins of derrick and engine house alone mark the spots 
"where once a "city "stood. Goldsmith's deserted village has 
been enacted more than once in northern and western Pennsyl- 
vania. 
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And as it has been with the oil-fields of the past so will it be 
with the gas-fields of the present. They too will run out and 
fail and the tradition of their greatness will alone remain. The 
great Karg well at Find lay will cease to blow, and the greater 
roarers of Murraysville, Grapeville and Washington will also be- 
come silent. Find lay will have no more gas, and Pittsburg 
must find some substitute for its present supply of this clean 
natural fuel. 

Nor are the reasons far to seek. The geological connection 
of oil, gas, and salt water is very close. Where the strata are 
arched upward and the conditions for producing oil and gas are 
present there they accumulate, and the gas being the lightest 
rises to the top and is confined beneath the crown of the arch. 
Next comes the oil and forms a stratum below the gas. Low- 
est of all is the salt water. In such places then we have at 
three difierent levels three stores of gas, oil and brine respec- 
tively. Hence the uncertainty in the yield of a well until the 
territory has been explored. A hole sunk near the crown of 
the arch will penetrate the upper reservoir and gas will issue. 
One sunk farther down the slope of the arch will enter the oil 
layer and yield oil which is forced out by the pressure of the 
overlying gas. And a third sunk yet further from the crown 
qf the arch will yield salt water. 

This, so far as we have been able to discover, is the usual 
structure of the ground where oil and gas are found in quanti- 
ties. There may be and no doubt there are exceptions, but they 
do not invalidate the general rule. 

Now if we consider the subject a little farther, we shall see 
that as a necessary consequence of this structure, when the wells 
have drawn off a certain part of the store of gas the oil will 
rise under the crown of the arch and eventually will reach the 
bottom of the well, when it will begin first to spuria then to 
spray J and lastly to yield oil, the supply of gas at the same time 
proportionately diminishing. Later still, the continual draught 
on the oil reservoir will so far exhaust it that the brine will in 
turn rise and reach the bottom of the well. The flow of oil 
will then slowly cease and salt water will take its place, as is 
now happening in the old wells of Franklin, Pa. The last 
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chapter in the history is then written. The well is dying and 
its extinction is near at hand. 

The analogy of the past- enables us to develop the future. 
The history of hundreds of wells has been as above given — 
gas in their early days, oil later, and lastly brine. Nor is there 
any reason to suppose that the existing wells will, in spite of 
their vast present production be any exception to the general 
rule. They too will fail and ceiise to flow. The cities that 
now so complacently regard their store of gaseous fuel as prac- 
tically inexhaustible will be disappointed and will rue too 
late the enormous waste of the past. The preeminence which 
they now enjoy from this cause will pass away and they will 
be as they were before natural gas was discovered. 

The evil day may in some cases be staved off by sinking 
new wells and by the discovery of new territory adjacent to 
the old, but this can be only a temporary expedient, and as the 
petroleous glory of Franklin has passed away so will also pass 
away the gaseous glory of Findlay and Pittsburg. 

Some of our readers may ask how long it will be before 
these sayings are fulfilled. A definite answer to this question 
is impossible. We know not the extent of the reservoirs in the 
strata below us, nor the race at which the gas is now coming off. 
But it will not be very long. The golden harvest will be of 
short duration, and those who are gathering it will do well to 
keep this truth constantly before them. 

It docs not follow that a year or two will see the exhaustion 
of the supply, though our own opinion is that before that time 
comes signs of the end will not be lacking. Already rumors, 
in most cases soon contradicted, have been afloat that the great 
Karg well at Findlay is beginning to spurt oil. It is very diffi- 
cult to learn the exact truth about the Pittsburg supply, especi- 
ally as new wells are constantly drilled and their supplies 
turned into the mains. But time will show, and when the 
yield seriously falls off concealment will be impossible. 

Some will object and say, "Is not gas being continually 
formed in the earth?" Possibly so. We do not suppose the 
processes of nature in the past are suspended in the present. 
But granting this uncertainty, the rate of formation must be far 
inferior to the rate of exhaustion. Indeed it is probably so 
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slow as to be perfectly inappreciable by the side of the enor- 
mous consumption. Our store of natural gas is a capital stock 
on which our draughts are growing greater from year to year, 
and the end is obvious. By and by they will be returned with 
the words written across them "No effects." 

And what then? Shall we go back to coal and coal smoke^ 
or shall we devise some way of making gas that will be less 
costly than the present, and can be used for manufacturing pur- 
poses. It is as yet impossible to say what the ingenuity of man 
can do when stimulated by the prospect of advantage. But 
this time, and no long time, will show. 



EDITORIAL COMMENT. 



GEOLOGY IN THE EDUCATIONAL STRUGGLE FOR 

EXISTENCE. 

In the pressure of subjects for recognition in the educational 
curriculum, geology is one which has had to struggle under 
great disadvantages. Generally, geology is a study among 
the least and last appreciated by the framers of educational 
opinion, and the controllers of educational practice. It is the 
last of the natural sciences to be admitted into courses of 
study; when admitted, it is generally assigned to a stage in the 
course at which the student's tastes are already bent in other 
directions; when the time at his disposal has been largely pre- 
occupied, and he is looking with some degree of impatience 
for the conclusion of his academic career and his entrance upon 
the arena of business life. Under such circumstances, geology 
is apt to be a subject held in low esteem by the educational pub- 
lic and the student community. The controlling authorities 
partake of the general impression ; and from this results a dis- 
advantage greater than all the others — one which prevents a 
study of capital importance and transcendent interest, from con- 
quering, as on its merits it would, all the disadvantages of rela- 
tive position in the curriculum. 
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To present the subject under a concrete aspect, let us consid- 
er the educational work in the averag^e university. The student 
of law feels that he is preparing himself for the acquisition of a 
respectable livelihood. He is thinking of fees and fame and 
the prizes of the political arena. These ends, either immediate 
or more remotely prospective, are ever before him. They are 
living motives; they centralize his thoughts and his efforts. He 
works with zeal ; his fellow-students actuated by the same mo- 
tives, are numerous; the department of law, so respectable in 
numbers, must be made respectable in outfit; the controlling 
powers feel that it is a department of the university to be specially 
fostered, and it is so fostered. The student of medicine, in like 
manner, feels that he too is acquiring the means of material ad- 
vancement. He is thinking of fees, honorariums, comfortable, 
and then luxurious,establishments. He is looking to rapidly 
made fortune, and middle life repose. The student of pharmacy 
is a student of the means of lucrative business. The practical and 
profitable aims before him command his steady attention and 
sustain his unflagging energies. The dental college is a scene 
of similar assiduity and expectation. All work, all hope, all 
desire centre in the generous income which educated and com- 
petent practice is sure to bring. Here, as in other professional 
schools, an external motive sustains industry, unites numbers in 
a common interest and pushes it to a conspicuous position and 
commands the respect and care of the ruling authorities. 

If we turn to the schools of civil and mechanical engineering, 
we discover similar stimuli acting on minds perhaps more cul- 
tured, but therefore more susceptible to motives drawn from the 
possible succeeses of a future career. The young engineer will 
acquire fame for his skill. He will come into profitable request; 
he will plan great and novel bridges; he will carry railway lines 
in seemingly impossible places; great undertakings will demand 
his services, and great rewards will requite them. Else if his 
ambition is moderate, he will superintend some workshop or 
some great industrial establishment, and earn in salary two or 
three dollars in the same time as his late professor earns one. It 
is understood without saying, that the school, in its diversified 
adaptation to the needs of various seekers for means of livelihood 
is thronged with devotees. There is no interest so moving as a 
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material interest. It is self-sustaining, unremitting, and demon- 
strative. It commands admiration for its assiduity and earn- 
estness. It commands respects for the numbers which it unites 
in a common aim, and for the revenue which numbers bring 
to the university. The outside world appreciates an education 
which it can call "practical." It understands the value of a 
department in the university which qualifies young men to ac- 
cumulate money. That, it thinks the chief end of all educa- 
tion. So the outside public unites with the inside authorities in 
expressing their satisfaction with the popularity of the school 
and the abundance of fees which it brings. They also unite in 
tendering it all the support and fostering care which it needs. 
They supply it with requisite equipment and an adequate corps 
of instructors and assistants. In the abstract, these things are all 
exactly as they should be. Great good results from bringing 
all these professional and industrial schools to as perfect a state 
as possible. 

If we turn to the academic department of the university, we 
obtain a further comprehension of the nature of the environment 
of the geological interest. Here, concisely stated, we find pur- 
sued linguistic studies, mathematical studies, philosophical studies^ 
literary studies, and studies in physical and natural science. By 
immemorial prescription, the linguistic, mathematic and philoso- 
phic studies have enjoyed the first place in position and in gen- 
eral esteem. The trivium took possession of the university by 
right of discovery, and, in its modern guise, has asserted with 
haughty and militant exclusivcness, the righteousness of its ap- 
propriation. As the trivium supplied the means of a liberal ed- 
ucation in an age when the sum of non-professional human 
knowledge was a trivium, so it has always asserted that the old 
trivium, with a seasoning of mathematics, is the chief essential 
of a liberal education, even since the field of human knowledge 
has become so enlarged that the trivium covers but a small 
fraction of it. The representatives and devotees of the tradi- 
tional culture proclaim that there is no other real culture; 
and since, in scholastic circles, they constitute a large ma- 
jority, they succeed in creating a public sentiment accordant 
with their pretension. Though this public sentiment is not 
the popular one, it is imbibed largely by young men seeking a 
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liberal education, and they are induced to devote four formative 
and determinative years of their education to the same studies as 
occupied the youths of the dark ages. The high educational 
authorities do not inform them that real culture would result 
also from the devotion of four preparatory years to the modern 
languages and the natural sciences, and the faithful prosecution 
of a collegiate quadrennium inaugurated by such a preparation. 
In all sincereity and earnestness, therefore, the candidate for a 
diploma of culture places himself in a position where the old 
trivium appropriates the lion's share of his efforts during a 
period of six or eight years. The classical department of the 
university is thronged, consequently, with those who have been 
taught, and honestly believe, that no liberal education is possi- 
ble without such offerings of time, labor and money as it exacts. 
Of classical learning in the abstract we have nothing adverse to 
offer. We wish only to make clear the nature of the conflict 
for educational existence which geology is compelled to wage. 
Among the more moJern subjects which have gained recog- 
nition in the collegiate curriculum, the class which may be 
called "literary" possesses marked advantages over the scientific 
— especially those studies in natural science which are not re- 
garded as leading directly to some money-making profession. 
Chemistry, in its accessory relations to medicine, pharmacy and 
metallurgy, falls into the fortunate category of "practical" and 
"productive" studies, and has little fight to make in securing 
appreciation and support. But the literary group of studies 
obtain appreciation and support through the relation of their 
subject matter to popular literature. They present no array of 
technical terms or conceptions. Their language is that of the 
intelligent public, and their themes arc those which beforehand 
occupy the thoughts of the masses of intelligent readers. Lit- 
erature and history, in their educational pursuit, make compara- 
tively light demands on the powers of abstraction, induction 
and reflection. Their themes also lie close to the personal ex- 
periences and interests of the reader. They are narratives of 
social life, dressed in pleasing style, or of biographical adven- 
ture, or of national happenings in which a few heroic personali- 
ties constantly appeal to the personal interest of the reader. 
The subject-matter is easily comprehended, at the same time 
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that it moves the sensibilities and warms the imagination. We 
do not affirm that literature is properly restricted to compositions 
of a nature so nearly on the level of popular sentiment, but we 
take our literary critics at their word, and speak from the liter- 
ary standard which they set up, and contemplate that public 
estimate of "literature" which their verdicts create and sanction. 
The undoubted facts being such as we have indicated, the predis- 
position to studies called literary, exerts upon the choice of 
students a controlling influence next to that of the fashionable 
affectations of classical culture. Literary studies, therefore, 
possess the adventitious power of pushing their own way, and 
guaranteeing their own prosperity. Because they awaken a 
wide interest in the scholastic community, they feel free to 
make large demands on the sources of financial nurture; and 
the almoners of such nurture feel justified in graduating their 
generosity to the standard of the popular sentiment. 

Even within the circuit of the academic curriculum, there is 
often present a professional motive which predisposes toward 
certain lines of study. Not unfrequently the academic course 
is pursued with ultimate reference to a course in law or medi- 
cine. With legal aims, linguistics and literature — including as 
before, history and civics — are conceived to be more germane 
than the natural sciences. With medical aims, Latin and chem- 
istry are thought to be more ancillary than the natural sciences. 
And among the latter, botany and zoology are thought to sus- 
tain more hopeful relations than geology. More frequently, 
the academic course is pursued with the purpose of engaging 
temporarily, or sometimes permanently, in the profession of 
teaching. The foremost question before the mind in such case 
is, for what department of teaching is the demand most active? 
The statement of the question suggests the answer. The chief 
demand is in those studies which the university pronounces pre- 
requisites for entrance upon collegiate courses, and which by 
implication are the fundamentals of a good secondary or sub- 
collegiate education. In other words, the student who is aim- 
ing at a position as teacher, will seek to familiarize himself 
with linguistics, nifithematics or literature. Where natural his- 
tory and geology are not demanded by the university as pre- 
paratory for college, the schools will not offer preparation in 



Editorial Comment. 41 

them. If they are demanded to a feeble or partial extent, the 
schools will make feeble or partial provision for them. In the 
schools, therefore, the central effort is made to supply a prepar- 
atory education which does not embrace natural history and 
geology. The student in the university aiming at service in 
the schools, prompted by self-interest, shapes his studies to the 
nature of the demands existing. We do not wish to leave the 
suspicion that we think it just for the schools to provide only, or 
chiefly, such sub-collegiate education as opens the way to col- 
lege; but our purpose is simply to point out the facts, however 
deplorable or however commendable, which place the study of 
geology at a disadvantage. 

When now, after such a survey of the relation of the differ- 
ent fields of university study to the means of earning a liveli- 
hood, wc grasp the whole situation at one view, it quickly 
appears that geology, if pursued in college or lower school, 
must be studied from motives more purely unprofessional than 
in the case of nearly all other studies. But the simple search 
for knowledge possesses with most minds a less controlling in- 
fluence than the search for means of support. Even in the 
<x>llegiate or academic departments of the university, the profes- 
sional motives find room for such activity that geology and 
natural history stand at a marked disadvantage. When wc look 
more closely, we learn that the disadvantage does not really con- 
sist chiefly in numbers in attendance upon instruction, but in 
the lack of adequate and equal material sustenance afforded by 
the government of the university. The discrimination against 
these studies is prompted by three motives: ist. The scholastic 
authorities entertain the traditional conceptions of the require- 
ments for a liberal education, and are not sufficiently informed in 
the sciences to admit that they are equal means of culture; and, as 
the outcome of their prepossesions and their ignorance, succeed 
in turning the revenues of the university into the channels which 
they approve. 2d. The financial control of the university de- 
termines its policy partly by the recommendations of the scho- 
lastic authorities, and partly by the amount which a department 
of study is able to return in the shape of fees which students 
with professional aims feel willing to pay. 3d. The supreme 
government of the university participates in the popular opin- 
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ion that those departments and those studies are most worthy of 
support which sustain the most immediate relations to the pro- 
duction of wealth. 

The final outcome of the conflict waged by geology for 
standing in the university, assumes form somewhat as follows i 
The smallest possible allowance of means is granted for carry- 
ing on the work of instruction and investigation. Other de- 
partments of instruction fmay be allowed numerous assistants,, 
while that of geology, with similar necessities, lias none or al- 
most none — even for simple manual work. Other departments 
secure supplies of the means of illustration and investigation^ 
while geology may plead for years in vain for some small pur- 
chase indispensible for work according to modern methods. 
Even in the ostensibly, and it might be added ostentatiously,, 
equal distribution of appropriations for books, geology is placed 
at a double disadvantage. First, scientific works if illustrated,, 
as they are apt to be, belong to a relatively costly class; so that 
a given allowance to geology secures less literature on the sub- 
ject than the same allowance to history, English or Greeks 
The same may of course be said of zoology and botany. Sec- 
ond, of the relatively large allowance usually assigned for 
miscellaneous books, a very large proportion of those purchased 
might well fall to the charge of the literary and philosophic 
departments. They are largely accessory to those departments,, 
while the taint of natural history or geology is enough usually, 
to consign a book to the catalogue of those chargeable to the 
special funds for those subjects. 

We have drawn a picture of one of the most strongly colored 
cases. It is a case where scientific interests have no indepen- 
dent or exclusive endowmeut, or school, or standing; where 
every provision and regulation is at the dictation of the literary 
interests; where the executive and consultative authorities are 
identified with those interests; and the highest external control 
seeks only the recommendations which emanate from a single 
source. These various conditions may not be found united in 
one institution. There may exist, assuredly, collegiate and 
university institutions in which geology enjoys a better standing. 
There are institutions whose founding and expansion are as re- 
cent as the very modern expansions of the natural sciences. 
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and where these sciences were from the beginning granted a 
relative position worthy of their claims. There are institutions 
where the executive and advisory influences are in sympathy 
with the natural sciences and with the spirit of the age. We 
have no doubt that the number of such institutions will steadily 
increase. 

Our object in offering these statements for record is twofold. 
We desire to call the attention of geologists and other scientific 
gentlemen to the actual state of the facts. The geological in- 
structor and investigator is apt be so deeply absorbed in his ef- 
forts to advance and diffuse the knowledge of natural truth that 
he is scarcely conscious of the enormous inequalities of position 
in which he is placed. A general consensus of demands for 
rights will be more likely to improve the situation than a sweet- 
tempered and silent acquiescence in wrongs. Our second object 
is to arrest the attention of all those whose common influence 
or authority has imposed upon geology the disabilities under 
which it suffers in some of our collegiate institutions. In doing 
this, we desire to protest not only against the unjust estimate 
which traditional opinion places on the natural sciences, and in 
particular on biology and geology, but also and emphatically 
against the principle that those departments are to be m^stfos* 
tered which bring most revenue to the college or university^ and 
are held in high test popular esteem. For the very reason that 
some studies and disciplines look toward professional and money 
getting ends, they are the better able to take care of themselves. 
If any study or department has the right to expect special favor 
and special sustenance, it is a study or department which is 
purely cultural, occupying a place quite above the level of com- 
mon appreciation. 

We have written thus far as if acquiescing in the arrogant 
estimate which consigns geology to an inferior and unessential 
place in a liberal education, and fails to recognize it as potent 
factor in modern civilization. That it is such a factor, however, 
is known to the intelligent public, and it is not our purpose to 
demonstrate it. Geology, in truth, if placed on the basis of use- 
fulness to man, would hold a position in educational processes 
not inferior to that of literature and languages. In the esteem 
of the intelligent public it is making rapid and constant advance. 
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The dissatisfaction of this public with the position of biology 
and geology in the schools is plainly expressed in such move- 
ments as that of the *'Agassiz Association^' with its seven thou- 
sand members, and "Chatauqua Scientific Circle" with its thirty 
or forty thousand readers and students. We feel sure that public 
opinion will ultimately compel our moss-grown, conservative 
educators to admit geology in some of its aspects into the sec- 
ondary, and even the primary schools, and will revolutionize 
the collegiate control which persists in consigning geology to 
an insignificant position. This result, however will be reached 
through instrumentalities; and we have hoped such an undis- 
guised statement as here made may contribute something to 
the much needed reform. 

We beg to disclaim all hostility to the true interests of any 
department of learning; for there is no learning in which we do 
not feel deep concern. We desire only to rebuke the assumption 
of some forms of traditional learning, and protest against a policy 
in university control which sanctions their arrogance and helps 
them to rob certain other departments of their equitable stand- 
ing and material support. 

IRVING AND CHAMBKRLIN ON THE LAKE SUPERIOR 

SANDSTONES. 

• 

That perennial source of discussion, the age of the lake 
Superior sandstones and trap-rocks, has recently been revived by 
the contributions of Profs. Chamberlin and Irving to the litera- 
ture of the United States geological survey. In bulletin No. 23* 
they have given an elaborate description and discussion of the 
geology of points that are considered by them as crucial, situated 
on Keweenaw point, Michigan. They describe the contact of 
the trap and sandstone formation with the "eastern sandstones** 
at B6te Grise bay, at Wall ravine, at St. Louis ravine, at 
Douglass Houghton ravine, at the Torch lake quarry, at Hun- 
garian ravine, and at other points. They also review and dis- 
cuss, sometimes with ideal representations of the stratigraphic 

1 Obeervations on the junction between the eastern sandstone and 
the Keweenaw series, on Keweenaw point, lake Superior. By R. D. 
Irving and T. C. Chamberlin. 
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situation, the various views that have been expressed by geolo- 
gists since the examination and report of Dr. C. T. Jackson in 
1848. They arrive at the final result and state their conclusion 
thus: " That the Keweenaw series is much older than the east- 
ern (Potsdam) sandstone; that it was upturned, faulted along 
the escarpment, and much eroded before the deposition of the 
eastern sandstone; that the latter was laid down unconformably 
against and upon the former, and that subsequently minor fault- 
ing along the old line ensued, disturbing the contact q(\^q of the 
sandstone." 

The description of the shore line of the Bete Grisc bay ac- 
cords with that given by former observers, in all the essential 
particulars. The eastern sandstone contains some bands of red 
shale and red pebbly conglomerate. The chief point to note 
here in discriminating the evidence for and against the greater age 
of the trap and conglomerate series, is the fact that J. W. Foster 
in 1849 makes the brick-red pebbly conglomerate identical with 
some see'i on the northern slope of Keweenaw point, and hence 
of the age of the copper-bearing series. He distinctly states 
that the eastern sandstone "abuts against a bed of brick-red 
conglomerate;" this fact goes to show, if a fact, that the sandstone 
interbedded and conformable with this pebbly conglomerate, 
is not a part of the eastern sandstone of the region ; and that no 
conclusions, touching that sandstone, can be based upon its rela- 
tions to the trap and melaphyr. Mr. Foster also states that the 
high southern dip along the shore of this bay is due to an anti- 
clinal formed by the forcible ejection of the trap rock through 
a fissure of the earlier sandstone. 

However, Messrs. Irving and Chamberlin seem to show sat- 
isfactorily, by the pebbles of melaphyr contained in the pebbly 
conglomerate, both that the conglomerate is unconformable on 
the trap rock, and that all the light-colored sandstone seen here 
is of the same age as the red and pebbly beds. The prevailing 
dip being to the south, and away from the melaphyr and diabase 
hills lying further north, the natural conclusion is that the sand- 
stone is of later date than the melaphyr and diabase. 

At the Wall ravine however, is a series of facts, as illus- 
trated by Messrs. Irving and Chamberlin, which require on 
their face, exactly the reverse interpretation. This locality i& 
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not far from the Calumet and Hecla mines. Here the horizon- 
tal eastern sandstones are represented as turned curvingly up- 
ward, and on their approach to the rocks of the Keweenaw 
series, to assume verticality, and in that position to be unconform- 
ably overlain by porphyry conglomerate and diabase belonging 
to the Keweenawan rocks, the latter dipping northwestwardly 
at an angle of about 42 ®. They arc separated by a mass of 
breccia and decayed rock, which has a thickness of about twelve 
feet. 

About a mile south from the Wall ravine is the St. Louis 
ravine. The same structural features are here repeated. The 
dip of the Keweenawan rocks, consisting of felsitic conglomer- 
ate, amygdaloid and diabase, is 47 ® toward the northwest. 
** The sandstone at the junction, and its included bed of con- 
glomerate, dip toward, or beneath, the Keweenawan rocks, at 
an angle of about 70 ^ , striking with the face of the hill, or 
N. 40 ^ to 42 ® E. These measurements were made on the 
junction between the sandstone and an included conglomerate 
layer, so that no room is made for doubt as to their correctness.'* 
{p. 28.) This plunging of the sandstones beneath the trap 
rocks, is said by the authors to be due, however, to an overturn 
dip in the sandstones, by which they conceive them to turn back 
beneath the surface at a great depth, passing through verticality 
to a high dip in the opposite direction, then to a low dip, and 
then to near horizontality. This rather remarkable interpreta- 
tion is said to be substantiated by exposures of vertical beds of 
sand rock in the bluffs of the ravine at several points below the 
place of contact. 

Again in the Douglass Houghton ravine the same combin- 
ation of stratigraphic phenomena appears. This ravine has 
been examined by J. W. Foster at different times. He regarded 
the eastern sandstone as more recent than the diabase and amyg- 
daloid and conformable upon them, upheaved by the igneous 
force that produced the outflow of eruptive rock. Mr. Alex- 
ander Agassiz in 1867 discredited the view of Foster and Whit- 
ney and showed that the eastern sandstone is unconformable up- 
on the trap rock of the Keweenaw range. Prof R. Pumpelly 
in 1870-72 adopts the view of Prof Agassiz, but rejects especial- 
ly the idea of a fault or dislocation which some earlier geologists 
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had suggested running along the south side of the range, coinci- 
clent with the line of contact. He regarded the eastern sand- 
stones as quite distinct from and more recent than those that are 
conformable above the Cupriferous series on the west slope of 
Keweenaw 'point. Dr. M. E. Wadsworth, in 1879, made inde- • 
pendent and thorough observations in the gorge below the falls 
of the Douglass Houghton ravine from whieh he came to the con- 
clusion that the beds of the eastern sandstone seen in this ravine 
pass below the trap and melaphyr beds of the Cupriferous series, 
although they also embrace beds of conglomerate and of diabase 
which are identical with some of the beds below which they run. 
He therefore announced that the "eastern sandstones " are of the 
same age as the Cupriferous series, and that at this point there is 
no unconformable position of one series of beds over the other. 
At the time of Mr. Irving's first examination ( 1880) he seems 
to have been in doubt whether the eastern sandstones, seen in 
the Douglass Houghton ravine were a part of the Keweenaw 
series or part of the eastern sandstone; yet in his published 
opinion* of the same year he vigorously attacks the conclusions 
of Mr. Wadsworth, and claims that the sandstone outcrops ex- 
amined by Wadsworth were a part of the Keweenaw series, and 
that a considerable interval which Wadsworth must have 
"bridged over in his imagination," entervenes between these 
beds and the true eastern sandstone strata further east which lie 
nearly horizontal. Dr. C. Rominger in 1883, considers the beds 
described by Wadsworth " as making a part of the copper-rock 
group, although, eonsidering their lithological character alone I 
would have united them with the eastern sandstone." He says 
that they "dip in conformity with the overlying diabase belts.'* 
This criticism Mr. Wadsworth answers by reaffirming his for- 
mer statement, and that by digging in the banks of the stream 
he actually traced the relations of this sandstone all the way 
from where it dipped in conformity with the Cupriferous series 
down the ravine continuously to where the dip had subsided to 
five degrees. The pebbles and boulders that are referable to the 
Keweenaw eruptive rocks, seen in the sandstones and their asso- 
ciated conglomerates, appealed to by Irving to prove the prior 

' Monographs of the United States geological survey ; vol. v, p. 355, 
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existence of the eruptivcs, Mr. Wadsworth supposes to have 
been obtained, not from the beds of diabase and amygdaloid 
seen now in the upper part of the cliff, which has been imagined 
to have been an ancient shore line which precipitated its debris 
along the shore and incorporated the fragments from the bluff 
into the forming sediments of the water, but from some older 
trap outflows, not seen now in outcrop at this place, but which 
once were uncovered and perhaps extended over large areas of 
that region — trap beds which extend, presumably, intact under- 
neath the bed of Douglass Houghton ravine and also underneath 
the whole of the Keweenaw peninsula. In bulletin X6. 23, 
however, Messrs. Irving and Chambcrlin have abandoned the 
view of Irving in 1880 and have adopted that of Wadsworth so 
far as relates to the identiy of the north dipping sandstones that 
pass below the Keweenaw beds, and the horizontal sandstones 
that appear further down the ravine. They affirm however,, 
contrary to the testimony of Mr. Wadsworth, that these beds at 
no place are intercalated with beds of trap, and afford no eviddnce, 
except that of passing below the trap, of being older than it, 
which evidence, they say, is illusory. 

About a mile southeast from the Douglass Houghton ravine 
is the Torch lake quarry, where the quarried beds are only 28 
feet lower than the top of the Douglass Houghton fall, thus 
lying high enough to be embraced in the Keweenaw rocks, and 
if not so embraced then necessarily unconformable upon those 
rocks. The evidence is not conclusive. No trap rock is des- 
cribed as in contact with the beds. Mr. Wadsworth has inferred, 
from the dip of the layers of coarser material, and the direction 
v/f clay masses, that the dip is toward the northwest about 45 ^ , 
and that the apparent horizontal bedding is caused by a second- 
ary system of horizontal joints. He therefore considers this 
rock as a conformable constituent portion of the Keweenaw rocks. 
Messrs. Irving and Chamberlin reexamined the quarry together, 
and they concluded that the rock is essentially horizontal. The 
lines of sedimentation seen by Wadsworth they regard as a false 
bedding such as is common in the eastern sandstone. The evi- 
dence of the facts, whatever they may be, touching this quarry 
has only an indirect bearing on the subject of the investigation.. 
If the rock dips northwest it is in conformity with the idea of the 
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uniformity and entirety in one formation, of all the sandstones, 
traps, and amygdaloids of the Keweenaw peninsula. If it be 
horizontal it may be a part of the eastern sandstones, unconform- 
able on the trap rocks, and would be almost confirmatory of the 
idea of the younger date of the eastern sandstones. 

Nearly two miles still further southeast is Hungarian river. 
At this place, again, the same combination of circumstances con- 
spires with the evident interpretation, and gives a very strong 
impression that the eastern sandstones run conformably below 
the tilted beds of the Cupriferous series. This is the natural and 
most ready interpretation of the facts, if the interpretation be 
based solely on the evidences here apparent. Messrs. Irving 
and Chamberlin again claim that the appearances are illusory. 
They made thorough examination, with the aid of a force of 
miners, digging several trenches which uncovered the beds that 
were supposed to form the contact plane of the two formations. 
In every case they found the eastern sandstone passing north< 
westwardly below the trap and amygdaloid of the copper-bear- 
ing series; but they found evidence that convinced them that it 
was not conformable to the overlying rocks. Following is the 
section exposed by the trenches, in descending order. 

Section on the Hungarian river. 

1. Broken trap essentially in place 10 ft. 

2. Trap debris: This follows the other without any definite 
demarkation or discernible amygdaloid. It seems to be 
formed of disintegrated trap rubbed into a lumpy clay and 
roughly laminated. It inclines northwesterly at an angle 

of about 35 o I ft. 6 in 

3. Red shaly clay: This is a fine textured clay, much re- 
sembling what is known as joint clay. It is marked with 
llgl^t grayish-green spots, and has some sandy seams, with 
occasional lumps of trap. It is only in these latter partic- 
ulars that it differs from a true joint clay 6 in 

4. Trap debris*, similar to that above described, except that it 

is more mingled with non-trappean (shaly) material. It is 

dark colored, and so contrasts with the adjoining red clay. 6 in 

5. Mixed shaly trap debris and red clay, with a minor ele- 
ment of sand ; the whole of a reddish cast 8 in 

6. Light reddish-tinted quartzose sandstone, exposed about. . 2 ft. 

"On the immediate face of this sandstone (No. 6) at its 
junction with the trap debris above it, the structure planes — 
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which may or may not be the deposition planes, so far as we 
were able to determine — correspond in the main to the oblique 
contact face." Away from this immediate face, however, they 
found the same rock dipping northeast, and also lying horizontal. 
In the general section which is given to illustrate the situation 
on this stream the sandstones are represented as having an un- 
dulating nearly horizontal position, and near the contact as being 
suddenly bent downward toward the northwest and so passing 
under the trap beds, which arc shown to dip toward the north- 
west at an angle of about 35 ® . 

Mr. Wadsworth has again visited this place and made further 
examination, the result of which he has given in Science for 
Sept. 30, 1SS7. He says "we were able to trace continuously 
the unchanged eastern sandstone into the sandstone which has 
been baked and indurated by the old lava-flow, and this baked 
sandstone into the lava-flow or melaphyr itself, all forming a 
continuous exposed surface. There is no fault, or plane of sep- 
aration between the sandstone and the trap, but the two are 
welded together into one mass. * * * * The contact is 
that made by a lava- flow with an underlying sandstone, and is 
the same as the contacts so often seen within the copper-bearing 
series, while the sandstone is observed /;/ situ to pass underneath 
the melaphyr." 

The authors review all previous opinions, and give their ob- 
jections to them. 

l^he yackson vicu\ so named from C. T.Jackson its author, 
is stated in four propositions. ( i). The eastern sandstones and 
the conglomerates and sandstones of the copper-bearing series 
are one and the same formation, and were once spread out con- 
tinuously in a horizontal position. (2). The traps of the cop- 
per-bearing series are all of them intrusive, having invaded the 
supposed sandstone formation in part as irregular intersecting 
masses, and in part in the shape of sheets which forced their way 
between the sandstone layers. (3). The conglomerates of the 
copper-bearing series derived their material by the ordinary 
aqueous agencies from some subjacent formation, which possibly 
may have formed an old shore line in the immediate vicinity of 
Keweenaw point. More probably, however, the pebbles of the 
conglomerate have been sorted out, as it were, from the pre- 
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viously existing sand beds, by the violent currents set in motion 
at the time of the trappean intrusions. (4). The inclin- 
ation southeast-ward \n the eastern sandstone at the junction 
with the traps, and that to the nort fnvcst'ward of the sandstones 
and conglomerates of the copper-bearing series, are due to the 
intruding trap. This view is discarded because the contempor- 
aneous, or lava-flow origin of the traps has been repeatedly and 
abundantly demonstrated. 

llie Foster and Whitney vieiL\ as summarized, contains six 
propositions. (1). The eastern sandstones and the Kewee- 
naw detrital rocks are one and the same formation. (2). 
The associated igneous rocks are of two classes: (a) Traps 
that arc interleaved with the detrital rocks, of lava-flow 
origin, (b) the traps of the Bohemian range, which are held 
to not be bedded but massive and intrusive, and of later origin 
than the detrital rocks and their interbedded traps. (3). This 
later eruption of trap was the cause of the tilting of the bedded 
traps on the north side toward the northwest, and the sandstones 
on the southerly side toward the southeast, and of the produc- 
tion of "jasper" masses by a change of the detrital rocks. (4) 
The conglomerates of the trappean scries are mainly of igneous 
origin, the rounding of the pebbles being due, not to water 
action, but to friction of the elevated rock against the walls of 
the "fissures. To the production of these conglomerates, by 
eruptive agencies is to be attributed the immensely increased 
thickness of the detrital portions of the formation in the region 
of Keweenaw point. (5), The various bedded eruptives of 
Keweenaw point reached the surface through a series of fissures 
along the course of the point. (6). The massive trap of the 
Bohemian range was extruded through an immense fissure which 
extended as far west as Gogebic lake; running along the south- 
ern edge of what is now the trappean formation; but along 
its western extension this fissure was not accompanied by any 
igneous outflow, thus xdlowing the sandstones of the northwest to 
come immediately against the eastern sandstones. 

The first of these propositions the authors think is not sus- 
tained by results of microscopic examinations they have made of 
thin i^ctions of these two sandstones. They find the eastern 
sandstone always much more quartzose and the grains much 
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more rounded, and more likely to be destitute of detritus from 
eruptive rocks. 

The division of the eruptives into two classes they think is 
not warranted. The so-called massive trap of the Bohemian 
range is itself bedded, and even contains interstratified conglom- 
erates. 

The dip of the eastern sandstones toward the southeast is not 
due, in the opinion of the authors, to the extrusion of the Bohe- 
mian range; for this dip is found not only at the contact but at 
points beyond the possible reach of such extrusion. 

The so-called jaspers are of the same nature as the quartz 
porphyries and felsytes of the Keweenaw rocks, and these are 
regarded as acid eruptives within the rocks of that series* 
They could not hence have been caused by any metamorphism 
of the sedimentary beds produced by the eruptive rocks of the 
Bohemian range. They were, further, the source of the peb- 
bles of the Keweenaw conglomerates, and must, therefore, on 
the hypothesis of Messrs. Foster and Whitney, have antedated 
the Bohemian disturbance. 

The series of fissures which gave vent to the trap of the 
Keweenaw rocks are supposed not to have been along the course 
of Kewenaw point, but quite to the southward, and they are 
. now probably buried by the newer sandstones. 

They accept, however, number 6 of the propositions of the 
Foster and Whitney view, but they qualify it by two exceptions; 
(a), that the fissure was not formed subsequent to the produc- 
tion of the eastern sandstone, and (b), when formed it did not 
give vent to any eruptive material. These exceptions are neces- 
sary because the sandstones on the opposite sides of the Bohe- 
mian range do not seem to have been faulted away from each 
other and if they had been the enormous downthrow of 35,000 
feet would be required to explain their present relative positions; 
also because at points cast of lake Gogebic the lowermost 
members of the Keweenaw series, dipping northward, are found 
to be overlapped in unconformable position by the eastern sand- 
stone. 

The Agassiz view regards the south face of the the trap range 
of Keweenaw point as an ancient shore cliff, having been pro- 
duced entirely by the erosion of the waves of that sea in which the 
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eastern sandstone was laid down. It also supposes that the Ke- 
weenaw series extends unconformably continuously beneath the 
eastern sandstone to the "south range," the entire trough in 
which this sandstone lies having been produced by erosion. To 
this view the authors object because it necessitates an inconceiv- 
ably great thickness for the Keweenaw series, and an enormous- 
ly great erosion prior to the deposition of the sandstone. With 
modifications, however, this view is adopted by the authors. 
They remove both of the difficulties by supposing the south face 
of the trap range to have been in the first place the result of 
faulting. 

The Rominger view. According to Dr. C. Romingcr the 
eastern sandstone was once extended conformably over Kewee- 
naw point, and the sandstones that now are seen at the mouth of 
the Portage canal near the lake shore, while belonging to the cop- 
per-bearing series, approach the eastern sandstone so closely in 
character that they may be considered as the lower portions of 
that formation. According to this view the Keweenaw rocks 
are older than the eastern sandstones, but on the western slope, 
and perhaps at other places, pass upwardly into the eastern sand- 
stone conformably; while on the eastern side, owing to the pro- 
duction of a fault during the accumulation of the sediments of 
the eastern sandstone, running along the east side of the trap 
range, the later sediments of this sandstone are locally unconform- 
able on the trap rocks. 

In rejecting this view the authors cite specifically several 
places where the horizontal sandstones lie unconformably on the 
upturned edges of the Keweenaw series, viz.: in the St. Croix 
region, in the Gogebic region and in the region north of the 
Montreal. Further, they do not admit the similarity between 
the sandstone at the mouth of the Portage canal and the eastern 
sandstone. Still thev do not state wherein the unconformabil- 
ities to which they refer differ from that which Dr Rominger 
admits on Kewenaw point, and to which he refers for proof of 
the correctness of his view. The authors also refer loosely to the 
** Potsdam sandstone," and they confound the beds that lie on 
the trap at St. Croix falls with the eastern horizontal sandstone 
which they are discussing. They also assume that the trap seen 
at the St. Croix falls is the equivalent of that embraced in the 
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Keweenaw rocks, and of this presumed equivalence there are 
good reasons for entertaining much doubt. 

The Credner view conceives of the eastern sandstones, the 
traps and conglomerates of Keweenaw point, and the sand- 
stones on the west side of the point, as constituting one con- 
formable series of strata, the sandstones on the east passing 
below the principal mass of the trappcan rocks, and those on the 
west lying conformably above them. In this view the sandstones 
are not of the same age, and the eastern sandstone is the older. 
This view is substantially that which is held by Dr. M. E. 
Wadsworth. 

This requires in the opinion of Messrs. Irving and Cham- 
berlin, an incredibly great amount of denudation to account for 
the non-extension of the trappcan beds toward the south and 
east of Keweenaw point. They show, by a diagram drawn to a 
scale, that when these beds were intact, on this hypothesis, they 
must have had a thickness on Keweenaw point, in addition to 
their present perpendicular altitude, of about four miles. They 
may have stopped there in an imagined perpendicular cliff, or 
they may have been extended conformably eastward over the 
lower strata of the eastern sancfstone. The latter alternative is 
accepted by the authors as the only reasonable one, and then 
thv'y find insuperable difficulties in the way of the Credner view. 
These consist in the entire absence of these strata toward the 
southeastward where this alternative would require them, and 
the existence of the " singularly abrupt linear, often cliffy, south- 
ern limit of the trappean series." Another difficulty is the fact 
that the eastern sandstone graduates upward, a few miles away 
from Keweenaw point, not into the Keweenaw rocks, but into 
the Calciferous sandstone, and that the Trenton limestone, even, 
is seen probably in its true stratigraphic position (above the Cal- 
ciferous) in the same region; "it is a heavy strain on our cred- 
dulity to ask us to place the great Keweenaw series in this inter- 
val." The evidence which Mr. Wadsworth has presented to 
show the correctness of this view consists of four postulates, 
(i) The eastern sandstone passes conformably beneath the 
trappean scries, (2) as it approaches the Keweenaw range it is 
interstatified with rocks identical with those that make the bulk 
of that range, (3) it shows an induration due to heat from trap 
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overflows, similar to what is common in the Keweenaw rocks, 
and, (4) it does not contain, except sparingly, fragments derived 
from the trappean series, and no more than can be referred to 
the slow accumulating action of waters in the production of a 
conglomerate from distant sources. These are severally set aside 
as invalid because based on incorrect observation. There is a 
surprising contrariety between the observations and conclusions 
of Mr. Wadsworth and those of Messrs. Irving and Chamber- 
lin. "In the Wall ravine, the eastern sandstone, instead of dip- 
ping beneath the Keweenaw beds as demanded by this hypothe- 
sis, shoots upward toward the zenith. * * # In the St. 
Louis ravine the beds are likewise turned skyward near the con- 
tact, and at a short distance away they dip at lower inclinations, 
away from the Keweenaw series; ♦ ♦ * in the region back 
from Ontonagon the eastern sandstone likewise dips away from 
the Keweenaw series near the contact. * * * and in none 
of these localities is there any approach to a conformity with ihe 
hypothesis of Credner and Wadsworth." Even at the ; ir.ts 
which specifically were examined and described by Dr. Wads- 
worth, viz.: in the Douglass Houghton and the Hungarian 
ravines, "the eastern sandstone, instead of passing conformably 
beneath the trappean series with a like steady dip, is warped and 
angulated in a manner altogether inconsistent with the character 
of the Keweenaw series * * * and is discordant with the 
beds of the Keweenaw series." The bending downward of the 
eastern sandstone at the point of contact, in approximate con- 
formity with the overhanging Keweenaw beds, they regard as 
one of "the several phases of distortion that accompanies the 
contact of these diverse formations." The supposed interstratifi- 
cation of the two formations is denied in toto, and the induration of 
the sandstone by heat is "no greater than at points distant from 
the contact;" and "if such induration were present it would be 
no proof of heat action." As to the presence of pebbles in the 
eastern sandstones, referable to the rocks of the Keweenaw se- 
ries, the authors aflirm that they find both acid and basic eruptives 
in that form, and that there is no other group of rocks known 
in the entire lake Superior region from which these pebbles 
could have been derived. It seems to us, however, that the ex- 
istence of these pebbles in the eastern sandstone allies it with the 
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recognized Keweenaw sandstones and conglomerates, so far as 
similarity of composition constitutes a link of alliance between 
formations, and here it is a strong link, because it is as easy to 
explain the presence of those in the eastern sandstone, without 
invoking the presence of a sea-cliff, as it is those in the Kewee- 
naw sandstone itself. 

The concluding opinion of the authors, one which satires 
all the conditions of the case, of which they enumerate those of 
stratigraphic position and composition, and of general topo- 
graphic relations as brought forward by their discussion, is ex- 
pressed thus: "That the Keweenaw series is much older than 
the eastern (Potsdam) sandstone: that it was upturned, faulted 
along the escarpment, and much eroded before the deposition of 
the eastern sandstone; that the latter was laid down unconform- 
ably against and upon the former, and that subsequently minbr 
faulting along the old line ensued, disturbing the contact edge 
of the sandstone." 

The document is undoubtedly one of the ablest discussions 
of stratigraphic problems that has ever been produced in America, 
and it will long remain a monument to the scientific skill and the 
genius of the authoi*s, cere percnnius^ although it cannot be said 
to close the discussion by that convincing array of evidence that 
the importance of the issue demands. 

One or two reflections, in conclusion, derived from the fore- 
going examination of the work, will be warranted at this place. 

1. It is a remarkable fact, admitted by the authors, and 
shown by Uieir diagrams, that the eastern sandstones pass be- 
neath the Keweenaw rocks at places along the south side of the 
range. Whatever be the true explanation of this fact, first in- 
sisted on with detailed description by Dr. M. E. Wadsworth, it 
brings prominently to mind another "view" to which the 
document makes no illusion, viz.: that of Houghton, which main- 
tains that the trap-rocks of Keweenaw point, and of the copper- 
bearing series in general, are not of paleozoic age, but mcsozoic, 
being the equivalent probably of the trap and brown sandstones 
of Connecticut. In consonance with this view are those facts 
appealed to by the authors that seem at variance with the 
Crcdner view, /. r., the contact of the two formations is not al- 
ways at the same stratigraphic horizon. There is an oblique over- 
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lapping which brings different beds into contact at different places. 

2. The "joint clay," included in the contact phenomena, 
embracing some trap and some sandstone debris, can easily be 
explained by referring it to other source than that of faulting. 
There would be nothing more liicely than that, in case of an over- 
flow of molten rock on sedimentary rocks, with a subsequent 
tilting of both, there would be, in places, a more rapid decay at 
the contact plane, owing to the mechanical mingling and conse- 
quent difference of grain and texture of the fragments that were 
caught between the two rocks. This progressive decay will not 
only account for the confused "clay," but also for the non-dif- 
ferentiated face of the two formations along the contact as de- 
scribed by the authors. 

3. The authors assume that the "trap rock," where it is 
found in the south range, and at Taylor's Falls in the St. Croix 
valley, is of the same age as that seen on Keweenaw point. This 
is a weak point in their argument, for it is not only not proven, 
but it is, in our opinion, open to serious doubt. There is much 
reason to regard the Taylor's Falls trap of a much earlier date 
than that of the copper-bearing rocks on Keweenaw point. 

4. The authors assume that the horizontal sandstones that 
lie unconformably on, or run over or below the Keweenaw trap, 
whether found on Keweenaw point or in the St. Croix valley, 
are everywhere of the same age. This is not only questionable, 
but it is demonstrablv incorrect. Two different sandstones are 
here confpunded — sandstones which have been distinguished be- 
fore by both of the authors as separate and distinct. 

2. The strained interpretation of the facts, given by the 
authors, throws a shadaw over the credibility of their results. 
When it is remembered that this explanation was adopted by 
them several years ago, before the adverse facts which Dr. 
Wadsworth announced were known, and that thev have written 
extensively, on this hypothesis, the shadow is deepened, and there 
remains in the mind of the scrutinizing reader, a suspicion that 
the authors are not disinterested and perhaps not impartial judges 
of the facts. This is savinjj nothintj more than mijrhtbcsaid of 
imy geologist. 

6. The question is open still, and wider open than ever be- 
fore, as to the age of the copper-bearing rocks of lake Superior. 
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Creological Survey of the State of Nexv Tork^ Paheontology^ z>ol. vi. Corah 
and Bryozoa : Text and Plates^ couiaining Descn'/tions and F'igures of Species 
from the Lozver Helderberg^ Upper Ilelderberg and Hamilton Groups. By 
James Hall^ State Geologist and P(dceontologisty assisted by George B. Simp- 
son. Albany^ 1887. 

Of the many valuable, recent contributions to the literature of palaeon- 
tology, none probably will occupy a higher place in the regard of palae- 
ontologists, or receive from them a warmer welcome, than the volume 
above cited. This volume deals with the corals and brvozoa of the Lower 
Helderberg, and the bryozoa of the upper Ilelderberg and Hamilton 
groups. The dedicatory letter of the author to Gov. Hill of New York 
bears date, August, 1887. The text includes pages xxvi — 298, and the 
volume is illustrated by plates i — Ixvi. 

Only a small space in the volume before us is devoted to corals. By 
far the larger portion is given to the bryozoa — a group that though rep- 
resented abundantly in the fossil faunas, has hitherto been confessedly 
among the most difficult of all that fall within the province of the work- 
ing palaeontologist. The meagerness of the literature on the subject has 
caused the bryozoa generally to be neglected by the amateur student and 
collector. Both to the amateur and the professional palaeontologist there- 
fore, this volume will be particularly welcome. 

The volume, in the preparation of the text as well as in the generic and 
specific determinations of the great number of forms therein described 
bears evidence of the painstaking care and scientific skill that have given 
value and character to the preceding volumes of this magnificent series. 
Indeed the eminent name that appears on the title-page will be, to 
paleontologists at home and abroad, a sufficient guaranty that the scien- 
tific part of the work has been skilfully and conscientiously performed 
When it is said that nearly all the drawings were made by Mr. G. B^ 
Simpson, nothing more will be needed to commend the plates for beauty 
and faithfulness of delineation to persons familiar with the work of this 
artist. 

Pages xi — xxvi are occupied by a synopsis of the genera included in 
the volume. This synopsis has been prepared by Mr. Charles E. Beecher 
and will add greatly to the value of the work to the experienced palaeon- 
tologist as well as to the amateur student. 

Zoologists generally will probably regret that the term polyzoa had 
not been used in this volume instead of bryozoa. The term, bryozoa^ 
certainly has no standing in modern zoological literature. Huxley, Allman, 
E. Rey Lankester, Gegenbaum, Packard, and all the list of zoological 
writers recognize the priority of the name given by Thompson in 1830 
over that applied by Ehrenberg in 1834. Geologists and pahvontologists 
for some unaccountable reason adhere to the name proposed by Ehren- 
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berg. Probably Nicholson may be cited as an exception, but Nicholson 
is also a zoologist in the modern sense, and this may be accepted as a 
sufficient explanation of his position respecting the use of these conflict- 
ing terms. 

There are a few errors that have been overlooked in compiling the 
list of '* errata." By ^me jugglery of the engrai'er and printer the fam- 
ily names at the head of plates i and vi have exchanged places. It is 
something of a surp^i8e to find on plate i Streptelasma and Zaphrentis 
ranged under the head of Favositida: — a form of surprise that is repeated 
when wc find, on plate iv, a numberof specimens of our old acquaintance, 
Favositcs helderbergiai Hall, masquerading under •the family name of 
CyathophylUd<jp. In the description of plate xvi, the generic name 
CeramoportM has lost an o, and becomes, through another bit of crooked- 
ness on the part of the printer, Cerampora. On the whole, however^ 
mistakes of proof-reading, or of any other sort, are exceptionally few. 
Palaeontologists will have occasion chiefly to regret the limitations as to 
size under which tFie volume was prepared, making it impossible to in- 
clude all the forms now known from American strata of the age of the 
Upper Ilelderberg and Hamilton periods. 

Oh the mouticuUpormd conds of tke Cincinnati groups xvith a critical re- 
vision of the species. By U. P. and Jo.sepii F.James. (From the pro- 
ceedings of the Cincinnati Society of Natural History, October, 1887.) 
•'The group of fossils known under the general name of monticuliporoids 
represents a wonderfully diversified . series of forms. Not many years 
ago they were considered too obscure and too diflicult for the ordinary 
student, and collectors, as a rule, paid little attention to them. One of us 
was among the first to call attention to them, and in 1871 issued a cata- 
logue of the fossils of the Cincinnati group, the first of its kind, in which 
were named provisionally a few new species. A second edition of the 
catalogue was published in 1875, ^'^^l here two of the previously named 
species, and two new ones were described. In the same year the second 
volume of the Ohio Ptdteontology was issued, and in this professor H. 
Alleyne Nicholson described and figured a number of species under the 
generic name Chteietes^ adopting some of the names proposed in the 
catalogue of 1871. Between 1875 and 1881 were issued various papers or 
volumes containing descriptions of other new species, and in the latter 
year was published a monograph on the genus Monticulipora by Prof* 
Nicholson. In this volume, bv far the most valuable account of these 
fossils that has yet appeared, we have chapters giving the general history 
of Monticulipora and its allies, an account of the general structure of the 
genus and its development, a division of the genus into five sub-genera, 
with the characters of each, and detailed descriptions, with figures, of 
forty-three species, thirty-three of w^hich are found in the immediate 
vicinity of Cincinnati. Finally Mr. E. O. Ulrich, began in 1882, in the 
fifth volume of the Journal of the Cincinnati Society of Natural History, 
a series of articles entitled ^American Palaeozoic Bryozoa, ' which was con- 
tinued through the sixth and into the seventh volume, 1884. Mr. Ulrich 
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considered the nionticuliporoids as bryozoa, instead of coFals, and in the 
course of his investigations divided and sub-divided the old genus Mon- 
iiculipora into a multitude, no less than eighteen different genera. At 
the same time a host of species were described, most of them from inter- 
nal characters, and they were illustrated by a profusion of drawings of 
the internal microscopic structure. Our opinion of this vast array of 
genera and species, and of microscopic work of this sort in general, will 
be given in detail later on in the present paper, but we cannot forbear 
saying that it is our belief that this work has resulted disastrously to the 
study of a confessedly difficult class of fossils; making it more difficult 
and confusing than ever before, and loading it with a mass of synonyms 
which of themselves are enough to deter one who should so desire, en- 
tering upon the study. The cause of this we believe to be an erroneous 
method of study, and we ascribe the vast number of species and genera 
made to the almost exclusive attention given to microscopic characters." 

The authors discard all the genera that have been described by Nich- 
olson and Ulrich, and place known forms under two genera, MonticuU- 
Pora D'Orb, and Ccramopora Hall. Under the former they allow the 
sub-genera Dckayna Ed. and II., Coiis/ellana Dana, and Fistulipora Mc- 
Coy. These distinctions are based on external characters of form and 
habit. They object to the use of internal characters in determining 
species and genera, *' because they entail an immense amount of work 
which in the end seems to amount to very little." They also consider 
the internal characters more variable and unsatisfactory than the exter- 
nal. They allow, however, that "there is, in fact, no criterion by which 
to judge fossil species, except individual opinion." We should be sorry 
to see any minute research with the aid of the microscope, into the in- 
ternal structure of fossils, discountenanced and retarded because of the 
difficulty of the work. There may be, and doubtless have been, more 
species created on paper than actually exist in nature. As to the value 
of the differences that any investigator may discover, he is likely to 
over-estimate it. But it is very doubtful whether such differences would 
be searched out and recorded if the investigator did not himself feel sat- 
isfied of their importance, be they external or internal. His record of 
them, while it multiplies species, is the most effective record, and is, of 
itself, no detriment to the progress of science -but rather an aid. There 
is, as yet, no accepted limit nor limitation to an organic species, and 
there is no restriction to the use of individual opinion. Ultimately per- 
haps some biological principles may be established by which species 
may be defined. When such is the case they may be applied to the 
elimination of some of the specific names, or to the recognition of much 
finer and more numerous distinctions. 

A spiral bivalve shell from the Waverly group of Pennsylvania, By 
Charles E. Beeciier. (From the thirty-ninth annual report of the New 
York State Museum.) Mr. Beecher describes and figures a new genus 
and species, Spiroilotntts insiirnisy of boring molluscs, from what he con- 
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siders the marginal shore-line strata of the Waverly, found in Warren 
county, Pennsylvania. 

The summit plates in blasfoids, crinoids, and cystids^ and their morph- 
ological relations. By Charles Wachsmutii, and Frank Springer. 
(From the proceedings of the Academy of Natural Sciences, Philadelphia. 
March, 1887.) The authors take issue with Etheridge and Carpenter, of 
the British Museum, in their catalogue of the blastoidea, in their state- 
ment that these plates do not, as a rule, present any very definite ar- 
rangement, though they exhibit a series of variations in number and posi- 
tion in some degree corresponding to similar variations in the palseocrin- 
oidea, and that they vary from five closely united plates, fully covering the 
summit, to a set of six proximal plates surrounding a central one. Such 
a variation, from five closely fitting plates to six or more around another 
the authors do not consider established by the evidence that is adduced. 

The morphology of the carina upon the septa of rugose corals; sixteen 
plates. By Mary E. Holmes, A. M. (Presented as a thesis for the degree 
of doctor of philosophy in the University of Michigan, June, 1887.) This 
article, which reveals in a lucid manner the minute, discriminating 
though quiet work done in the palzcontological department of the Uni. 
versity of Michigan, comes to the conclusion that the carina? are not ag- 
gregations of crystals, — mineralized surface decorations — but, in substance 
and structure, are homogeneous with the coral itself, are normal out- 
growths from the septa, and not homologous with any of the usually 
recognized structures ; also that they had functional value in the animals 
themselves, even where the vesicular tissue is almost wholly wanting. 

Description of primordial fossils from Mt. Stephens^ N. W. Territory 
of Canada. By Dr. C. Rominger. (From the proceedings of the Acad- 
emy of Natural Sciences of Philadelphia, 1887.) This new locality of 
primordial fossils furnishes the following species: Ogygia Klotzi and O, 
serratay both new forms; also Embolimus spinosa^ and E. rotundata^ new 
forms; also M enocephal us Salter i Billings, Conocephalites cordilleree (new), 
BathyuruSs Agnostus^ Obolella and a Theca resembling T. primordialisHaW^ 

Untersuchungen ueber Gesteine und Mineralicn aus West Indicn. Von 
Dr. J. H. Klck)s (Sammlungen dcs gcologischen reichs Museums in 
Leiden, December, 1886). Dr. Kloos describes a new calcium-phos- 
phate which he names martinite, obtained by Prof. Martin on the island 
of Curacoa. It was found as a pseudomorph after gypsum. From the 
island of Aruba he describes among the massive diorytes, quartz-dioryte, 
augite-dioryte and gabbro, porphyritic dioryteanddioryte-porphyry, and 
mikrocline-granite. From the region schists he describes some sub- 
crystalline sedimentaries and diabase, porphyritic rocks, and some 
schistose amphibole-bearing rocks. These rocks are entirely different, 
according to Dr. Kloos, from any that have before been brought from 
the islands of Aruba and Curacoa, constituting in the western part of 
Bonaire, mountain ranges. He considers it likely, though not proven by 
any certain evidence, that the eruptive rocks are younger than the sedi- 
mentary strata of the island of Curacoa, which are of Cretaceous age 
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Preliminary report upon petroleum and inflammable gas. By Edward 
Orton, State geologist of Ohio. (A publication of the Ohio geological 
survey.) This is a valuable compend of the principal facts relating 
to the gas and oil supply of Ohio. In November, 1884, high-presure 
gas was discovtiv'd at the depth of about iicx) feet at Findlay, in Han- 
cock county. The surface signs of gas had been very well known for 
many years, and some enterprising gentlemen had devised plans for mak- 
ing use of it by collecting it and lighting their residences, but its source 
had not been discovered, nor even conjectured. It was a complete geolo- 
gical surprise to find the Trenton limestone w hich nowhere rises to the 
surface in Ohio, a source of gas, and later of oil, in large amount and 
great value. The success at Findlay produced a widespread expectation 
that the Trenton limestone was gas-bearing everywhere throughout the 
state, and a great many wells were drilled to it, and into it, without suc- 
cess, the most of them being about 1200 feet deep. This expectation has 
not been verified. But a small proportion of the wells that have been 
drilled have proved productive. Findlay, Bowling Green, and Lima 
respectively in Hancock, Wood and Allen counties in the N. W. part of 
the state were the fortunate points where success had been met with- 
Prof. Orton describes other geological horizons at which gas has been 
found in Ohio, viz. the Ohio shale, the Berea grit, the Clinton, Medina 
Hudson river and Utica shales and the glacial drift, and concludes with 
the statement that natural gas is one of the common and widely distri- 
buted substances in nature, and a little of it at least can be found any- 
where. This brochure is filled with important practical statements of facts 
and principles that bear directly on the origin, consumption, nature and 
discovery of gas in Ohio; and its value to the State, if it be properly dis- 
tributed and heeded, will be more than the entire cost, great as it is, which 
the survey has been to the State from its inception to the present time. 
It is one of the most practical exemplifications of the value of a geologi- 
cal survey in such emergences as the late fever on gas and oil which 
spread over northwestern Ohio. This preliminary report is to be fol- 
lowed by a complete exposition of the whole subject, in the light of later 
developments. 

Some of the general principles stated by Prof. Orton are as follows: 

Petroleum, which is the necessary preliminary to the existence of gas, 
is derived from vegetable, or vegetable and animal substances that were 
deposited in, or associated with, the forming rocks. 

Petroleum is not in any sense a product of destructive distillation, but 
is the result of a peculiar chemical decomposition by which organic mat- 
ter passes at once into this or allied products. It is the result of the 
primary decomposition of organic n»atter. 

The organic matter still contained in the rocks can be converted into 
gas and oil by destructive distillation, but so far as we know in no other 
way. It is not capable of furnishing any new supply of petroleum under 
normal conditions. 

Petroleum it in the main contemporaneous with the rocks that con- 
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tain it. It was formed at or about the time that these strata were de- 
posited. 

In order that there may be a supply of gas or oil from any drilled 
well it is necessary that three geological facts must co-exist at that place, 
(i) A producing source of oil or gas in the form of a stratum charged 
with organic matter. (2) An overlying reservoir in the form of a 
porous sandstone or limestone, and (3) an impervious, fine-grained rock 
or cover. A fourth element seems also necessary, at least in the high- 
pressure wells; viz., an anticlinal fold in the underlying strata, as pointed 
out by Prof. I. C. White. 

At Findlay the gas is essentially light carburetted hydrogen, or marsh 
gas, but with small quantities of hydrogen and nitrogen, and its heating 
quality greatly exceeds that of the present Pittsburg supply. Its natural 
pressure is about 375 lbs. to the square inch. In the spring of 1886 there 
was a daily waste, for several months, of at least 16,000,000 cubic feet of 
gas at the Findlay wells. The flow of gas sometimes diminishes and is 
then accompanied, especially at Lima, by petroleum, or by petroleum 
and brine. 

The Uikc-agc in Ohio; or some episodes durinir the retreat of the 
North American ice-sheet. By Prof. E. W. Claypolk, of Buchtel Col- 
lege, Akron, O. (Mc Lachlan & Co., Edinburgh ; Robert Clark & Co., 
Cincinnati.) The former existence of a great ice-sheet over the midland 
region of North America has now passed beyond the domain of specula- 
tion and is one of the admitted facts in American geology. The above 
named paper is an attempt to trace the series of changes which must 
have followed the retreating ice. It is divided into three parts, the first 
of which considers the condition of the Ohio and the adjacent country 
at the time of the greatest extension of the glacier. The various lines 
of evidence brought forward during recent years are considered and the 
inferential geographical changes are detailed. In the author's opinion 
the valley of the Ohio was occupied for manj' years by a great body of 
water, *Make Ohio," the approximate outline of which is traced and its 
probable history sketched. The causes and the mode of its disappear- 
ance arc touched upon and tbe traces which it left upon the country are 

stated. 
The second stage in the story commences when the retreat of the ice 

had carried it so far north that the whole southern portion of Ohio was 
uncovered and the ice-front had receded to the northern slope of the 
water-shed of the state. When it occupied this position it completely 
blocked the outflow of all the rivers flowing in that direction. There 
were consequently formed a multitude of little glacial lakes or ponds 
held in by the ice until they overflowed to the southward, forming as 
many streams whose waters ultimately found their way into the Ohio 
river. The life history of one of these lakelets is traced in full as an ex- 
ample of what the others must have been. This is "lake Cuyahoga," 
formed in the valley of that river between Akron and Cleveland. The 
overflow of this was through the gap in which Summit lake and the 
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Ohio canal now lie, and the water passing by this channel reached the 
Tuscarawas and when the Muskingum, on its way to the Ohio. Evidence 
of the existence of this lake is found in the deposits left in the valley of 
the river which are described in detiiil. 

The third stage in this story commenced when the ice-sheet had so. 
far retreated as to cause the confluence of all these glacial lakelets and 
the formation of a single, but much more extensive, sheet of water in 
their place — the forerunner of the present lake Erie. At this time the 
edge of the ice was to the north of the lakes and the St. Lawrence, in 
Canada. The altitude of the surface of this lake and its place of over- 
flow are discussed and its great extent is pointed out. The gradual 
changes produced by the slow but steady withdrawal of the ice from the 
face of the country are explained and the results are traced in some de- 
tail. The influence of the high and cold area of the Adirondacks in 
preventing the outflow of the water of this compound "lake Erie-On- 
tario" and the successive stages whereby the drainage was gradually 
developed in its present direction along the St. Lawrence valley, are 
shown. 

All these various stages in the evolution of the existing physical geog- 
raphy of the country are illustrated with four colored maps, showing, in 
as many colors, the extent of the water, the ice and the land, at each suc- 
cessive stage. Of course such representations are and must be only 
approximate in the present imperfect state of our knowledge of the 
subject. Full details can only be supplied hereafter. 

The work aims merely at being a summary of the present state of our 
knowledge of this interesting geological study. It groups in a syste- 
matic scheme many of the wide-spread evidences that are legible 
from the drift itself, of the local superficial action of water on the 
till deposits. It seems to be one of the final steps in the demolition 
of the oceanic-iceberg-theory as to the origin of the drift; since it 
explains on the hypothesis of the continental glacier nearly all the 
anomalous facts that have been advanced in favor of the ice-berg 
theory. It is one of those reservoirs from which the amateur and teach- 
ing geologist can draw important information, which will be needed in 
the class-room. 

The West American Scientist^ a popular rez^iexv and record for America; 
official organ of the San Diego (California) Society of Naturjil History. 
This publication, which is well edited, is in its third volume. Mr. C. R. 
Orcutt, the editor, is preparing an international scientist's directory for 
the year 1888. 

Bulletin No. jg of the publications of the United States geological sur- 
vey, is by Mr. Warren Upham. It gives a preliminary account of the 
upper beaches and deltas of the glacial lake Agassiz, embracing a pro- 
fusion of details respecting the position, altitude, and external appear- 
ances of these breaches, so far as they exist in Minnesota and Dakota. 
The beaches that are described are the Herman, the Norcross, the 
Campbell and the Mc Cauleyville beaches, the highest being the Her- 
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man beach. When lake Agassiz had this level its outlet was 75 feet 
above the present level of lake Traverse, in western Minnesota, or 1045 
feet above the sea, and its waters followed the present course of the 
Minnesota and united with the Mississippi river at Fort Snelling. The 
Norcross beach is 20 feet lower; the Campbell beach 50 feet still lower, 
and the Mc Cauleyville beach 15 feet still lower. These beaches ascend 
toward the north, the highest one at much greater rate than the lowest. 
They also ascend from west to east, since they are traceable continii- 
ouslv from Minnesota into Dakota: but this ascent is low in amount, 
though diminishing in a similar ratio between the successive stages of 
the lake. Mr. Upham estimates that when this lake had its greatest ex- 
tent it was larger than lake Superior, and its depth at the international 
boundary line, at St. Vincent, Minnesota, was about 450 feet. 

Preliminary reports on the Southeastern Kentucky coal field. By A. R. 
Crandall and G. M. Hodgk. (One of the publications of the New 
Geological Survey of Kentucky. Robert Clarke & Co., Cincinnati, 
authorized agents for the sale of the publications.) This is one of the 
valuable economic reports of the Kentucky survey. It is illustrated by 
topographic maps by J. B. Hoeing, and by page-plates showing the sur- 
face contours and vegetation at numerous places. It also has 31 page- 
plates showing rock-sections covering the strata that are coal-bearing. 
The geological description gives a general account of the Pound Gap 
region, of the counties of Letcher, Harlan, Leslie, Perry and Breathitt, of 
the Lower North Fork, the Middle and the South Forks of Kentucky 
river, with notes on Wolfe and Clay counties. It gives the analysis of 
numerous Kentucky coals by Dr. R. Peter. 

Annual report of the geological survey of Arhansasfor rSSy. By John C. 
Branner, State geologist. This is purely an administrative report of 
15 pages, but it lays out the ground-work from which in the future may 
be expected very valuable scientific results. 

In the American Magazine for December is an illustrated popular 
article by Mr. Z. L. White, on " natural gas at Findlay." This article is 
a curiosity of its kind. It illustrates the greed with which reporters and 
professional writers seize on half-truths, and by the aid of illustration and 
a lively imagination, construct magizine articles which read well and 
entertain the subscriber, who may not be able, or who may not care to 
take the trouble, to verify the statements made. This light entertain- 
ment is harmless so long as the writer adheres to the truth, but so soon 
as his poetic imagination transgresses the requirements of known his- 
toric and scientific verity, the diversion becomes nauseating and harmful. 
To illustrate these remarks it is only necessary to call attention to the 
fact that many citizens of Findlay, besides Dr. Oesterlin, the "expert 
geologist and mineralogist," knew of the gas escaping from the crevices 
of the rocks in the valley of Blanchard creek and through the soil about 
Findlay, and some of them devised methods of using it for economic 
purposes; that the gas that escapes from the wells at Findlay is not sul- 
phureted, but carbureted hydrogen ; that when the report on Hancock 
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county, by the Ohio geological survey, was printed it contained an ac- 
count of this gas, and of successful efforts that had been made to use it, 
as early as 1838; that although Prof. Orton admits that it was a complete 
surprise to find the Trenton limestone a source of gas ; he also makes the 
following statement, (which Mr. White could have quoted, and probably 
would if it had not been likely to spoil a sensational paragraph,) " It has 
been utilized here in a small way for more than forty years. Prof. 
Winchell in his report on the geology of the county, in 1872, made men- 
tion of the interesting fact that Mr. Jacob Carr had, for a number of 
years, lighted his home on Main street with gas collected from wells on 
his premises. * * * Other facts bearing on the gas supply were given 
by Prof. Winchell. The composition of the gas had been determined 
for Mr. Carr by Dr. Chilton, of New York, who pronounced it light car- 
bureted hydrogen and derived from petroleum. The first statement 
gave the result of an approximate analysis, and the second was a sagaci- 
ous inference." These facts, according to Prof. Orton, are published in 
the same volume which, according to Mr. White and Dr. Oesterlin, the 
"expert geologist and mineralogist " of Findlay, contained not a word 
about the gas at Findlay. Geological surveys are generally not supplied 
with funds for experimenting in practical tests in advance of expert 
manufacturers and large consumers. They announce the facts of obser- 
vation, the probable extent of economic products, and point out possi- 
bilities. It seems that the Ohio geological survey did all this, not only 
announcing the existence of gas in great quantities, but sagnciously infer- 
red that it came from petroleum. 
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On Novkmber i8th the Regents of the Smithsonian 
Institution elected Prof. S. P. Langley, now president of the 
American Association for the Advancement of Science, secre- 
tary of the institution to succeed the late Prof. S. F. Baird. 
The scientific predilections of professor Langley are more in 
keeping with the researches conducted by the lamented Prof. 
Henry than with those of Prof. Baird, and it is very likely that 
astronomical and physical research by the institution will be 
revived with its wonted vigor. 

The United States coast and geodetic survey has 
been engaged during the summer, through the services of Maj. 
C. O. Boutelle, assistant in charge of state surv^eys, in making 
triangulation in Minnesota. One of the immediate objects of the 
summer's work, as reque^^ted by Prof. Winchell, the state geol- 
ogist, was the determination of the exact length, width and po- 
sition of the gorge of the Mississippi river between the falls of 
St. Anthony and Fort Snelling, to find reliable data for the 
discussion of the recession of the falls. The work is left in 
charge of Prof. W. R. Hoag, of the University of Minnesota. 

According to Piiof.J. S. Newberi^v, who read a paper on 
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the subject of gold and silver production at the late meeting of 
the National Academy of Sciences, the annual production of 
gold in the United States is already past its maximum. It is 
now about thirty millions of dollars, that of Europe being 
about the same. 

Dr. a. E. Foote of Philadelphia, who has spent the 
summer in London in attendance at the American Exhibition, 
will shortly return with a varied and extensive collection of 
minerals and fossils obtained in different parts of Europe. 

Extinct Peccary in Michigan. In the spring of 1887, 
the University of Michigan received a quantity of bones of the 
extinct ^latygonus compressus, discovered in Ionia county. 
Examination showed that they represented 1n\e individuals, and 
that of one skeleton nearly all the parts had been preserved. 
The cranium was complete; there were teeth, 31; vertebrie, 
complete series, 29; sacrum, second caudal and two innominata, 
4; ribs, 37; parts of anterior extremities, 8: of posterior, 26; 
total, 126 bones. Of a second skeleton, there were 70 bones; 
of a third, 57; of a fourth, 37; and of a fifth, 4. Grand total, 
294. The remains were crowded together in a deposit resem- 
bling loess — but whether loess or not, it was not peat, but quite 
an upland formation, and associated with modified drift. The 
first skeleton is probably the completest known; and will be 
fully described and illustrated by professor Alexander Winchell. 
The four skeletons have been arranged, and are on exhibition 
in the museum of the University of Michigan. 

Mr. Warren Upham of Somerville, Mass. has com- 
pleted, for the United States geological survey, the field-work 
of his examination of lake Agassiz, an ancient body of water 
that occupied portions of Minnesota, Dakota and Manitoba as 
one of the incidents of the retreat of the continental glacier. 
Mr. Upham began this examination for the Minnesota state 
survey, and has completed it under the auspices of the U. S. 
and the Canadian surveys. 

The secretary of the American committee of the In- 
ternational Congress of Geologists issued a call for a meeting 
of the committee at New Haven, Conn., Dec. 29th, for the 
purpose of receiving the reports of the various sub-committees, 
preparatory to their submission at the London Congress next 
summer. 

The "swindling Geologist." We hear again of the 
scientific swindler who has imposed upon the credulity of so 
many geologists and others in Minnesota, Iowa, Illinois, Ohio 
and other states. His personal appearance and methods were 
fairly described in Science this year in the numbers for Jan. 14 
and June 17 and 24. But for all this, he appears to have been 
operating very successfully among the colleges of New York 
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and New England. He stole from one professor two bound 
volumes of Chenu's Conchy liologie; two unbound numbers of 
the colored edition of Tryon's Manual of Ccnchology ; a $20 
microscopic objective (Geo. Wales' No. 50) and some fossils. 
From another college he stole lately a $150 Hartnack micro- 
scope. He is said to be well informed and ready. He has 
been passing lately under the name of L. P. Gratacap, of the 
" Amer. Mus. of Nat. Hist;" also, in different places as "Ellison" 
and" Vasile" and "Vasilieff," He pretends sometimes to be 
a Russian savant, and at other times assumes the r61e of a deaf 
mute. American geologists will be secure against such imposi- 
tions if they adopt the old and good English rule of requiring 
credentials as a basis of confidence and trust. 

Prof. G. Frederick Wright delivered a course of eight 
lectures in December before the Lowell Institute at Boston, on 
"The ice-age in North America." They were presented with 
plentiful stereopticon illustrations and a large map of North 
America. Prof. Wright is not satisfied with the evidence that 
has been adduced to prove that there have been two glacial 
epochs, and is inclined to believe that man existed in America 
before the close of the ice-age, which he thinks may be as re- 
cent as ten thousand years ago. 

At the conclusion of the report of Mr. J. M. Hodge, as- 
sistant on the geological survey of Kentucky, on the coal fields 
of the upper Kentucky river, is the following description of a 
"pounding mill," now in use on Lick branch, Red river, Clay 
county, Kentucky. "This grist mill is probably the last of its 
kind in the state, the hand mills, and home-made four-bladed 
turbines cut from solid wooden blocks, and now in common use, 
having generally superseded them. The mill consists essen- 
tially of a mortar and a pestle; the mortar a short section of a 
tree in one end of which a hole is scooped out for the reception 
of the grain; the pestle a straight stick about four feet long, at- 
tached to one end of a lever supported in the middle. A weight 
is hung with the pestle in order to balance the opposite end of 
the lever, which end has cut in it a hollow place with a capacity 
of about half a barrel. Water is lead to this trough from the 
rapidly falling stream by a conduit some 100 feet long, made of 
the bark of trees, fi\Q or six inches in diameter. When the 
trough is filled with water the added weight causes it to descend, 
until its inclination is sufficient for most of the water to run out. 
The greatest weight being then on the other end the pestle falls 
and lifts the trough into position to be refilled. This see-saw 
motion continued, it is said, will crush into very nice meal a 
half bushel of corn left over night in the mortar; and also any 
stray field mice, or other hungry small animals which may ven- 
ture into the mortar, left open and unprotected in the forest." 
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THE NIOBRARA RIVER, CONSIDERED WITH REFER- 
ENCE TO ITS CAPACITY FOR IRRIGATION. 

BY DR. L. E. HICKS. 

The modern scientist is not a recluse. He has, indeed, his 
hours of seclusion, his days and weeks of patient labor in labo> 
ratory or cabinet, but he does not bury himself there like the 
alchemist or astrologer of the middle ages. He walks abroad 
and is conversant with nature and with men, both in the gath- 
ering of ma^terial for study and in the communication of the 
results of study. For it is the crowning glory of modern science 
that its results are not for the private gratification of the inves- 
tigator, but for the benefit of mankind. Science is a teacher of 
men but also a servant of men. If, upon th6 one hand, it fur- 
nishes forth for the instruction of mankind crystal truths frorti * 
deepest mines, eternal laws and principles from starry bights, 
on the other hand it helps to lift heavy burdens, helps to guide 
the farmer's plow, the carpenter's plane, the mariner's ship, 
lends a hand eveil for the most common drudgeries of life. A 
principle discovered is soon transmuted into a process for the 
production of wealth. All industrial progress is due to the ap- 
plication of scientific principles to the problems encountered ih 
each line of effort. 

Geology, no less than other sciences, touches at many points 
the practical life of the millions. The problems of economic 
geology are numerous, and some of them are so far-reaching 
that a single one underlies the whole fabric of modern industries. 
The occurrence of iron ores, for instance, and the production 
from them of iron and steel, is a problem of economic geology, 
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and it is so interwoven with all human industries that if the 
geologist should announce the speedy exhaustion of.the supply 
of iron ore it would produce greater consternation than war or 
plague. Agriculture, the most ancient and the most important 
of all industries, is especially benefitted by the labors of the 
geologist. The very soil which the farmer cultivates depends 
for its fertility upon the rocks which have produced it by their 
disintegration. In arid regions the problem of water supply 
for domestic purposes, for power, and for irrigation, falls to the 
geologist for investigation. 

While The American Geologist will be for the most 
part devoted to pure science, yet it will not slight or ignore the 
problems of economic geology. An earnest of the disposition 
of its editors to do full justice to the claims of applied science 
may be found in the following discussion of the Niobrara river 
as an irrigation stream. Many other Nebraska rivers are well 
adapted for irrigation and I may perhaps report upon them in 
subsequent papers. 

Although such a discussion is primarily of greatest interest to 
citizens of the localities mentioned, it is not purely local. Irri- 
gation has been practiced from the remotest ages. It is hon- 
orable on account of its antiquity, if for no other reason. 
Incidentally the geology of western Nebraska will be involved 
in the discussion ; also the topography, the scenery, the general 
physical features and conditions of that region. These topics^ 
it is hoped, will interest all readers however indifferent they 
may be to the practicability of irrigation. 

The early French voyageurs in North America had a quick 
eye for topographical features and striking natural phenomena 
of any kind. The names they conferred upon natural objects 
are often as significant as they are beautiful and appropriate. 
^^La Belle riviere^'* the beautiful river, as they called the Ohio, 
is an example of their good taste and felicity of diction. So 
they called the Niobrara river "ZWw qui court ^'^ or Rapid 
river, from the swiftness of its current. It does indeed glide 
down its narrow bed with arrowy speed, stretching a silvery 
thread along the bottom of its valley as it descends from the 
high plateau of Wyoming, 5,000 feet above the level of the sea. 
Its mouth is about 1 300 feet above tide, so that in the course of 
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300 miles it falls 3,700 feet, or 125^ feet to the mile. This is 
the average slope, but in some places it descends much more 
rapidly. 

The upper portion of its valley is excavated in the loose fria- 
ble strata of the newer Tertiary. It is accordingly a broad 
shallow trough with gentle slopes rising to the adjacent table- 
lands which are some '300 feet above the river. The serpentine 
course, the grassy slopes, and the clear swift water, all contrib- 
ute to impart a peculiar charm to this region, in marked contrast 
to the rugged features of its lower course. In the vicinity of 
Valentine, in Cherry county, it is still flowing between walls 
of Tertiary age, but the rock is more compact and stands up in 
bold cliffs to the hight of 400 or 450 feet. The broad valley is 
reduced to a gorge or canon which continues to a point some- 
vrhat eastward of the looth meridian, where the softer Cretaceous 
rocks yield more readily to aqueous and atmospheric erosion.. 
From this point to its confluence with the Missouri river, the 
valley is of considerable breadth, and is bounded by moderate 
slopes. 

The Niobrara is an interesting stream throughout its whole 
course. For the first hundred miles from its mouth the geolo- 
gist finds the peculiar chalky rocks of the Cretaceous period, 
with their numerous and very interesting fossils. The Tertiary 
rocks along its middle and upper course contain the relics of a 
mammalian fauna unsurpassed in richness and variety. Gen- 
eral Warren has stated that the Niobrara flows lengthwise upon 
the back of an anticlinal fold. This statement I have not per- 
sonally verified, but, whether true or not, certainly enough is 
true of this river to make its exploration unusually fascinating 
to the geologist. 

The botanist finds in the valley of the Niobrara a flora quite 
unique for Nebraska. Great pines wave their branches where, 
according to any published map of the distribution of pines, 
none of them ought to be found. A remarkable eastward ex- 
tension of the Rocky mountain pine {Pinus ponder osa) clothes 
the banks of the Niobrara and its tributaries with an evergreen 
fringe. • 

The lover of the picturesque is delighted with the wild and 
varied scenery of the canons along the middle course of the 
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Niobrara, as well as the broad green meadows above and the 
pretty islands below. A waterfall just below Fort Niobrara is 
worth taking a long journey to see. 

But the practical value of the Niobrara for irrigation is of 
greater consequence than its picturesque scenery. In determin- 
ing this value the first question is whether the volume of water 
is sufficient to irrigate much land. On the 4th day of Septem- 
ber, 18S7, I measured it in the southern part of Dawes county 
with the following result: breadth, 21 ft., depth, 2 ft., velocity 
per second, 2J^ ft. The Niobrara at this point was therefore 
discharging 98 cubic feet of water in each second of time. 
This measurement was taken on its upper course and in one of 
the driest months of a dry year. Lower down, after it has 
received its large tributaries, the volume of water is far greater, 
but its use for irrigation is impracticable by reason of the high 
and steep banks. Just in proportion as the scenery becomes 
more picturesque, the utility of the stream becomes less. But 
in the counties Sioux, Box Butte, Dawes, Sheridan, and the 
western part of Cherry county, the valley is from one to five 
miles broad, and within it there is an abundance of good irriga- 
ble land. The rapid descent of this stream makes it possible 
to raise its waters to a considerable bight (relatively to its bed) 
by means of a ditch of no great length. Counting two feet per 
mile for the slope of the ditch, which is rather more than ex- 
perience has shown to be necessary, we gain 10}^ feet per 
mile. Most of those beautiful stretches of land which the geol- 
ogist calls terraces, while the farmer calls them second bottoms, 
and which offer the greatest facilities for irrigation, lie from 
fifteen to twenty-five feet above the stream. Along the Nio- 
brara these could be watered from a ditch no more than two 
miles long on the average, since that would give an elevation 
of 20^ feet. 

How much land can be irrigated from a stream of the size of 
the upper Niobrara? If we knew just how many acres can be 
watered by a flow of one foot per second the answer would be 
€asy. But different soils, different sub-soils, and different crops 
make such vast differences in the conditions of the protlem that 
its solution is by no means easy. Even when we take into con- 
sideration the differences of soils and crops we are hardly pre- 
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pared for the enormous differences in the practice of irrigators 
in different parts of the same country. In England one cubic 
foot of water per second is sometimes applied to a single acre,, 
and in other places that amount is made to serve ninety acres.. 
The usual "water- right" in Colorado is one and a half cubic 
feet for eighty acres, or 53 }4 acres to the cubic foot per second. 

*' In California a cubic foot of water is said to be capable 
of irrigating more than 100 acres, in India 200, and in Spain 
and Italy a much larger area."* "A continuous flow of one 
cubic foot of water per second will, in most of the lands of Utah, 
serve about 100 acres for the general average of crops cultivated 
in that country."^ 

In the absence of direct experiments in the valley of the 
Niobrara, I shall assume that 100 acres may be irrigated by one 
unit of water. This will give 9,800 acres for the total amount 
of land which may be irrigated from the upper course of the 
Niobrara, if the measurement given above is a fair index of the 
capacity of that stream. But cannot its waters be used over 
and over, thus multiplying by a score or more this 9,800 acres? 
This is a question of great practical interest and importance. 
Suppose the irrigable land lying in a section of this valley ten 
miles long amounts to 9,800 acres, and will absorb all the water, 
will not this water return to the bed of the stream and be ready 
to irrigate the next section of ten miles? Probably 175 or 200 
miles of the Niobrara valley in Nebraska is available for irriga- 
tion, and if the river can be used every ten miles then it can be 
used, say nineteen times, and made to supply 186,200 acres. 

But in this computation we are reckoning without our host. 
A very small portion of the water used in irrigation ever re- 
turns to the bed of the stream from which it was taken. It 
disappears by evaporation, by percolation, and by absorption in 
the tissues of plants. Evaporation occurs all along the ditches 
and trenches, all over the surface of the fields, and from the 
leaves and stems of the growing plants. Vegetation is so largely 
composed of water taken from the soil (no less than 75 per 
cent, of ordinary terrestrial plants is water, according to Prof C. 
E. Bessey) that the vapor of water is constantly escaping from 
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them, and their stems and leaves expose surfaces which, in the 
aggregate, are so enormous that the loss of water by this chan- 
nel probably exceeds all other losses. It has been found indeed, 
that a plant loses water one- third as fast as a body of water 
whose exposed surface is equal to that of the plant. A field of 
growing crops presents surfaces in the form of succulent stems 
and leaves many times as great as its own superficial area, and 
all these surfaces are exhaling the vapor of water, the loss of 
which must be supplied from the soil. We may safely assume 
that these surfaces are at least three times the area of the field, 
and since evaporation from them is one-third as fast as from 
water, the loss will therefore be equal to that from a pond of 
the same size as the field. In a dry climate this would be very 
great, but supposing it to be barely one foot over the whole 
surface during the irrigating season, the loss by evaporation 
from plants alone would be 426,888,cxx) cubic feet of water on 
9,800 acres. To suppl}- this loss would require the whole capac- 
ity of the Niobrara river for fifty days. 

The water absorbed and remaining in the tissues of plants 
must also be considered. If meadow land were irrigated and 
should produce four tons of hay per acre, the grass when cut 
would weigh nine tons, of which seventy per cent, would be 
water. For each acre of land 6.3 tons of water would be taken 
up in vegetable tissues anl remain until harvest. On 9,800 acres 
61,740 tons would be used up in this way to supply which 
would require the whole capacity of the Niobrara river for six 
hours. 

It will readily be seen that the demands of vegetation alone 
w^ill consume the greater part of the water of irrigation. But 
this precisely is what irrigation is for, namel}', to supply the 
demands of vegetation. If I have spoken of the water so used 
as losf^ it is only with reference to its further use upon other 
sections of the same valley. It is not by any means ivasted^ 
though it be "lost" in that sense. 

Some water is also lost by percolation. I refer not so much 
to that which enters the earth along the course of the main 
ditches as to that which has reached the irrigated fields, and 
never returns to the stream because it penetrates to depths below 
its level. That which remains in the earth above the level of 
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the stream is not lost because it fills interstices which must other- 
wise be supplied by rains, thus raising the water table, and 
leaving the rain water to flow off and swell the volume of water 
available for the next section of the valley. Even the water 
which sinks below the level of the river contributes to the same 
result of raising the water table and freeing the rains for surface 
flow. The loss by percolation would therefore be insignificant 
if the whole valley were irrigated. In fact, however, only a 
few fields here and there will be watered, and the dry lands 
adjacent will drink up much water which might otherwise re- 
turn to the river. 

The farmer who irrigates thus benefits his neighbors directly, 
as well as indirectly by influencing the rainfall. Those enor- 
mous loads of moisture which I have shown to be constantly 
escaping from growing crops must have an appreciable influence 
upon precipitation. This should be taken into the account in 
estimating the amount of land which may be irrigated from the 
Niobrara river. The increased rainfall resulting from irriga- 
tion may double or treble the capacity of the river. This has 
been almost uniformly the experience of irrigators in Utah. 
**In many places the service of a stream was doubled, and in a 
few it was increased ten fold, or even fifty fold."* 

No direct observations have been made, so far as I know, to 
determine how much of the water of irrigation returns to the 
stream from which it was drawn. Fair consideration being 
given to all the sources of loss by percolation, by evaporation, 
and by absorption in vegetable tissues, we may state as a proba- 
ble inference that it is not more than one-tenth. Granting this 
and then recalling our division of the valley into ten-mile sec- 
tions, we have in the second section water enough for only 980 
acres instead of 9,800 acres; in the third section 98 acres only 
can be watered, and so on in a diminishing series. 

But as a matter of fact the water never is, and cannot easily 
be, completely used up in any section of the valley. Perhaps 
by drawing out no more than one-third of it in any section of 
the valley, much more could be made of it along its whole 
course than if it were completely exhausted at one point. 

It is certain that irrigation does use up a river; else the com- 

' Gilbert — Lands of the Arid Region, p. 57. 
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plaints of Ncbraskans in respect to the use of the South Platte 
by citizens of Colorado, are groundless. Within our own boun- 
daries at least, the rights of landed proprietors on the lower 
courses of rivers may be protected by statute, and no time should 
be lost in doing this. 

Several considerable tributaries of the Niobrara enter it 
within the irrigable portion of its valley. These may be used 
for irrigation, each in its own valley, or, if not so used, they go 
to swell the volume of the river and add largely to the aggre- 
gate of acres irrigable from it. My measurement was taken in 
the dry season and should be raised somewhat to obtain the 
average capacity of the river. 

Summing up all these considerations I am of the opinion that 
20,000 acres of land in the Niobrara valley may be irrigated 
now, and that this may be doubled by the increased rainfall 
which will probably result from irrigation. 



THE FLORA OF THE COAST ISLANDS OF CALIFORNIA 
IN RELATION TO RECENT CHANGES OF PHYSICAL 
GEOGRAPHY. 

BY JOSEPH LE CONTE. 

Some of the results reached bv Mr. E. L, Greene in his 
studies of the flora of the islands off the coast of southern Cali- 
fornia* have deeply interested me, because I believe their ex- 
planation may be found in geologically recent changes in the 
physical geography of California. 

These remarkable islands, eight or ten in number, are strung 
along the coast from point Concepcion southward, and separa- 
ted from the mainland by a sound 20-30 miles wide. They 
are of considerable size (the largest being about 200 square 
miles in extent), and vary in bight from 1,000 to 3,000 feet. 
Thev have all the characteristics of continental islands, and are 
undoubtedly outliers of the mainland, at one time connected 
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with it, but now separated by subsidence of the continental 
margin. They may be regarded as the highest points of an old 
coast range outside of the present coast range, the broad valley 
between the two being now covered with water. Moreover, 
the date of the separation may be determined with certainty. 
That they were connected with the mainland during the later 
Pliocene and early Quaternary is proved by the fact that re- 
mains of the mammoth have been found on Santa Rosa, the 
largest and one of the farthest off of them.* They ivcre^ there- 
fore^ undoubtedly separated during the ^uatertiary period. 

The main points in Mr. Greene's paper with which we are 
here concerned are the following: 

1. Out of 296 species of plants collected by him on the island 
of Santa Cruz, no less than 48 arc entirely peculiar to these 
islands, and 28 peculiar to Santa Cruz itself. 

2. Of the remaining 248 species nearly all are distinctively 
Californian — that is, species peculiar to California are very 
abundant, while common American species, /. ^., those common 
to California and other parts of North America, arc very few 
and rare. The flora as a whole, therefore, may be regarded as 
distinctively Californian, with the addition of a large number of 
species wholly peculiar to the islands. 

3. A number of rare species found in isolated patches, and» 
as it were, struggliqg for existence, in the southern counties — 
San Diego and San Bernardino — are found m great abundaiice 
and very thriving condition 07i the islands. 

4. Lavatcra^ a remarkable malvaceous genus of which 18 
species arc known in the Mediterranean region, and one from 
Australia, but 7iot a single species on the American continent^ 
is represented on these islands by four species. This is certainly 
a most remarkable and significant fact. 

Such are the facts. I account for them as follows: 
California, especially the region west of the Sierra Nevada, 
is geologically very recent. The Sierra region was reclaimed 
from the sea at the beginning of the Cretaceous, and the coast 
region as late as the beginning of the Pliocene. When first 
emerged the coast region was of course colonized from adjacent 



' Proc. Cal. Acad, of Sci., vol. v., 153. 



'7^ Le Conie on the Coast Islands of California. 

parts. This colonization was probably mainly from Mexico, 
either directly or through the Sierra region ; for the distinct- 
ively Californian plants, though peculiar, are more like those of 
Mexico than any other. Whencesoever it may have been col- 
onized, however, the environment was sufficiently peculiar, the 
isolation sufficiently complete, and the time has been sufficiently 
long to make a very distinct flora. According to Wallace, it is 
one of the primary divisions of the nearctic region. 

During the late Pliocene and early Quaternary, as already 
seen, the islands were still a part of the mainland, and the whole 
was occupied by the same flora, viz: the distinctively Califor- 
nian (with some differences doubtless), now found in both, 
together with the peculiar island-species. 

During the oscillations of the Quaternary the then western- 
most coast range was separated by subsidence, and has remained 
ever since as islands. Simultaneously with, or after, this sepa- 
ration, came the invasion of northern species, driven southward 
by glacial cold. Then followed the mingling of invaders with 
the natives, the struggle for mastery, the extermination of many 
•(viz: the peculiar island species), and perhaps the slight modi- 
fication of all, and the final result is the California flora of 
to-day. But the island flora was saved from this invasion by 
isolation, and therefore far less changed than the flora of the 
mainland, /. ^., the invading species are mostly wanting, and 
many species survived there which were destroyed, or else 
modified into other species on the mainland, and the remainder 
probably less modified than on the mainland. The flora of 
these islands, therefore, represents somewhat nearly the charac- 
ter of the flora of the whole country during the Pliocene times. 
Some modification they have doubtless suffered, but the time 
has been too short for any great change in the absence of severe 
competition. 

The question naturally arises, "How is it that with a separa- 
tion of only 20-30 miles the two floras — insular and mainland 
— have not become entirely similar by mutual colonization?" 
The prevailing winds being landward would, I suppose, largely 
prevent the colonization of common American forms on the 
islands, although some such colonization has in fact taken place. 
But with the prevailing winds in this direction, why have not 
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all the peculiar island species been long ago colonized on the 
mainland? According to the view above presented the answer 
is evident. These peculiar species did once inhabit the main- 
land and have been either destroyed or transformed in the 
struggle with invaders. They are, therefore, weaker species. 
The same unfitness which made them succumb then, still for- 
bids their successful colonization. This brings me to the next 
point. 

There are quite a number of rare and peculiar forms found 
struggling for existence in the southern counties which are 
found very abundant on the islands. This certainly looks like 
the beginnings of colonization. This is indeed Mr. Greene's 
view, and is rendered all the more probable by the fact that the 
ocean currents probably drift in that direction. But there is at 
least another explanation suggested by the view above pre- 
sented. These may be, and probably are, remnants of Pliocene 
indigenes still undestroyed, but ready to perish. From this 
point of view their place far south is just what we might ex- 
pect, for the main invasion was from the north. 

But there is still a last point to be explained. Lavateras are 
unknown in the New World, except on these islands, where 
there are four species. But they are found in the Old World, 
in the Mediterranean region and in Australia. Mr. Greene 
suggests, as a possible explanation, a former connection of these 
islands with some other continefit. I think not. The substan- 
tial permanence of continental land masses and oceanic basins, 
with only marginal changes, at least during later geological 
times — taken together with the comparative recency of the 
flora of California — renders this explanation extremely improb- 
able. The above presented view suggests another and far 
more probable explanation. 

The existence of Lavateras in such widely separated localities 
as Australia, the Mediterranean region and the coast islands of 
California, shows unmistakably that existing species are but 
remnants of an old, once very abundant and widely spread 
genus, with numerous species. They are now dying out. 
They have been mostly destroyed and replaced by newer and 
stronger forms. I conclude, therefore, that in Pliocene times 
several species of Lavatera existed all over the coast region of 
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California, but probably mostly in the then coast range, viz:- 
the islands; for they love the sea coast. They have all been 
destroyed by change of environment, physical and organic, ex- 
cept those isolated on the islands and thus saved from the effects 
of invasion. 

Readers of Mr. Wallace's "Island Life" will at once see the 
analogy between this explanation of the flora of our coast islands 
and Mr. Wallace's explanation of the mammalian fauna of 
Madagascar. The mammalian fauna of Africa, south of Sahara, 
consists of two very distinct groups — the one indig-cnous or dc- 
scendants of Tertiary indigenes, and remotely resembling that 
of Madagascar, the other evidently foreign^ and resembling 
that of Eurasia in Miocene and Pliocene times. During Ter- 
tiary times Africa was isolated from Eurasia, but united with 
Madagascar, and the whole inhabited by a peculiar fauna, 
characterized by lemurs, insectivores, etc., which we have called 
indigenes. About middle Tertiary times, Madagascar was sep- 
arated, and immediately divergence between the two faurfas 
commenced. In later Tertiary and early Quaternary, the bar- 
rier which separated Africa from Eurasia was removed, and 
the great Eurasian animals invaded Africa, and immediately 
became the dominant type. In the struggle which ensued,, 
many species, especially of the weaker indigenes, were destroyed, 
and all on both sides modified. The result is the African fauna 
of to-day. Madagascar was saved from this invasion by isola- 
tion. The fauna there consists of the greatly modified descen- 
dants of the African Tertiary indigenes, but far less modified 
than their congeners in Africa. In the fauna of Madagascar,, 
therefore, we have the nearest approach to the Tertiary indi- 
genes of both. 

The difference between the two cases is this: In the case of 
Madagascar the separation has been very long. The extreme 
peculiarity of its fauna is the result partly of progressive diver- 
gcnce and partly of many forms saved by isolation. In the case 
of the coast islands of California, the separation is comparatively 
recent — there has not been time enough for very great diver- 
gence by modification. The peculiarity of its flora is due 
almost wholly to species saved by isolation. 

In conclusion I would say, that this short paper is intended 
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merely as an incentive to future investigation and pointing in 
the direction which it ought to take. Before the views above 
presented can be definitely established, there must be further 
investigations, first, on the relation of the island flora to that of 
the mainland ; second, on the relation of the flora of California 
to that of adjacent parts from which it may have been origi- 
nally colonized; third, and especially, must we have fuller 
knowledge of the indigenous flora of California in Pliocene 
times. [Bulletin No, <P, California Academy of Sciences. '\ 



OBSERVATIONS ON THE VERTICAL RANGE OF CER- 
TAIN SPECIES OF FOSSILS OF THE HAMILTON 
PERIOD, IN WESTERN ONTARIO. 

BY PROFESSOR S. CALVIN. 

The region about Widder, Arkona and Bartlett's Mills in 
Lambton county, Ontario, has long been classic ground to palae- 
ontologists. Clay shales of the Hamilton period are found in 
natural exposures along the bluffs bordering the Aux Sables 
river and its tributary creeks near Arkona and Bartlett's Mills, 
A portion of the same shales has been exposed by the railroad 
cutting, three quarters of a mile east of Widder. The profu- 
sion of fossils of the period occurring in these shales is something 
remarkable; and the perfect state of preservation in which the 
fossils are found renders them exceedingly attractive to students 
of palaeontology. 

The geological section accessible to observation in the region 
referred to is probably not more than 200 or 250 feet in thick- 
ness altogether. Nevertheless the section is naturally divided 
into three distinct portions, each sharply set off from the others, 
not by lithological, but by palseontological characteristics. So 
marked and so distinct are the groups of species characterizing 
the three separate portions of the section that it is scarcely an 
exaggeration to say that not a single species is common to any 
two of them. 

No attempt will be made in the present paper to enumerate 
all the species belonging to the three distinct assemblages of 
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fossils on which the tri-partite division of the shales is based^ 
nor will any particular zoological order be followed. All that 
can be done will be to refer to the more obvious and more 
characteristic forms of each separate group. 

We find the lower division of one section exposed, just above 
the level of the water in the river, below Bartlett's Mills. It 
may be traced down the river for a number of miles. Near 
Arkona a little stream flowing toward the Aux Sables has cut 
a gorge in the shales, known as Rock Glen; and a short distance 
above the mouth of the stream the lower division is again finely 
exposed. 

One of the most characteristic forms of the lower division is 
the long-winged variety of Spirifcra mucronata Conrad.* It is 
true that Spirifera ?nucronata is the most abundant and most 
characteristic species of the third or upper division, but the 
varieties from the two horizons show much greater differences 
than are often observed between two well-established species. 
This long-winged variety — the variety d. of Nicholson, (Pal^ 
of Ontario, 1874,) — has the hinge line greatly extended so that 
the width is not unfrequently five or even six times the length; 
the valves are flat, giving the shell a compressed appearance;, 
the plications on each side of the mesial fold and sinus are small 
and numerous; the mesial fold is divided by a groove and the 
sinus by a median angular ridge. 

Along with the characteristic long-winged Spirifer are asso- 

* The name, Spirifera mucronata^ is here used with full knowledge of 
the fact that there is a name twenty -one years older than it, applied to- 
this same species. In 1878 S. A. Miller (Proc. Dav. Acad. Nat. Sci., vol. 
ii, p. 230,) called attention to a neglected article by Mr. Caleb Atwater, in 
Am. Journal of Science for 1820 (vol. ii, p. 244). In that article Mr,. 
Atwater describes and figures a fossil species under the name of Tere- 
hratula pennata; and, as Mr. Miller says, a reference to the description 
and figures leaves no doubt that the author had before him the species 
that Conrad, twenty-one years later, named Deltkyris mucronata. The- 
species, therefore, in strict justice should be Spirifera pennaia^ Atwater,. 
but I find it difficult to overcome a natural aversion to disturbing a name 
as well established in usage and literature as that of Conrad. 

The revival of Atwater*s name for the species, so long associated with 
the name of Conrad, would compel a change in the Spirifera pennata of 
Owen, and for this latter species Miller proposes the name Spirifera 
atwaterana. 
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dated Chonetes lineata Hall, Tentaculites attenuatus Hall, av 
small, very pretty spine-bearing Platyceras referred, with some 
doubt, by Nicholson (Pal. Ontario, 1874,) to P, dumosum* 
Conrad, the interesting crinoid with movable spines — Hystri- 
crinus carpentcri Hinde (Ann. and Mag. of Nat. History,. 
March, 1885), and Phacofs rana Green. 

It is possible that Phacops is an exception to the rule I have- 
stated regarding the limitation of species, and that it ranges 
through all three of the divisions into which the Hamilton sec- 
tion is palaeontologically divided. Some of the specimens found 
associated with the species named above may have come from 
overlying beds of the second division. Nicholson reports it, 
from near Widder where the exposure is wholly confined to the 
upper division, though my own observations are negative as to 
its occurence at that horizon. 

It may be said, by the way, that the generic name Hystri-. 
crinus was proposed by Hinde (Mag. and date above cited) as 
a substitute for Anthroacantha of Williams (Proc. Am. Phil., 
Soc. April, 1883), on account of the fact that Williams' name 
was practically preoccupied, the name Arthracanthus having 
been employed by Schmarda for a genus of Rotatoria in 1854.. 
(See papers cited and also the paper of Hinde in Ann. and. 
Mag. of Nat. Hist, for March, 1 886 ). Furthermore Wachsmuth 
and Springer (Revision of the Palaeocrinoidea, Pt. Ill, p. ii7)# 
are inclined to regard Hystricrinus carpentcri Hinde as proba-- 
bly identical with Arthroacantha punctobrachiata Williams. 

The small Platyceras referred to is probably a new species^, 
or at least an unnamed variety. 

The middle division of the Hamilton section along the Aux 
Sables is characterized by the great abundance of corals. None 
of the species already named, excepting Phacops rana^ pass up 
into it. The list of species would be a very long one, but we 
may take Heliophyllum halli Ed. and H. as the typical form. 
With H, halli we find associated Cystiphyllum americanum Ed, . 
and H., and Heliophyllum juvene Rominger. Diphyphyllum 
archiaci Billings is a rare species found in the same association. 
The favositoid corals arc represented by JFavosites hillingsi 
Rom., JFavosites placenta Rom., JFavosites arbuscula Hall^^ 
Alveolites goldjussi Billings Alveolites frondosa Nicholson, to-. 
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gether with a number of other species. One of the most 
interesting corals is the very pretty, but unfortunately rare, 
Mtcrocyclus discus Meek and Worthcn. Of this species the 
writer obtained quite a number of specimens and is able to con- 
firm Nicholson's determination of the identity of this form with 
that described by Meek and Worthen in the Geology of Illi- 
nois, vol, iii. 

There is practically nothing else but corals in the coral zone. 
Polyzoa of various genera and vSpecies are, however, not un- 
common. Dwarfed forms of Spirlfcra Jimbriata Conrad, are 
found occasionally. About two miles southeast from Widder 
there is an outcrop of the coral zone in which Nucleocrinus sp., 
and Pcniremiies lycorias Hall, were found, but these species 
must be very rare. That most ubiquitous and usually most 
abundant of all the Hamilton species, Atrypa reticularis Lin. 
is represented in my collections from Ontario by only two or 
three specimens, and these were found loose near the base of 
the coral-bearing beds. 

The coral bearing stratum is well developed above the beds 
containing the long-winged Spirifcr at Bartlett's Mill ; and along 
the river below the mills it may be seen at intervals for a num- 
ber of miles. At Rock Glen, near Arkona, it extends from the 
bottom of the gorge up almost to the summit. Near the sum- 
mit, however, the corals stop abruptly. The bluffs are crowned 
by beds of the third division, and into these beds not a single 
one of the prominent corals of the middle division, so far as w^e 
can see, was able to pass. 

The third or upper division is the one exposed in the railway 
cut near Widder. As we have said it occurs at the summit of 
the bluffs at Rock Glen. It may be seen occupying the same 
relation to the beds already described at a number of points 
between Rock Glen and Bartlett's Mills. 

In the third division we have an entirely new fauna, so far 
at least as the prominent forms are concerned. Most abundant 
of all the species is Spirifera mucronata Conrad, but so differ- 
ent from the variety of the lower beds that, were it not for 
intermediate forms found elsewhere, we should be compelled to 
-regard the varieties of the two zones as very distinct species.. 

The ^y. mucronata of the upper beds is a thick shell with few 
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and coarse plications on each side of the mesial fold and sinus; 
the hinge line is relatively short, in some rare instances it is not 
greater than the length, though on the average it varies from 
two to three times the length ; the mesial fold and sinus are not 
xlivided, and the imbricating concentric strise are much more 
pronounced. Altogether the expression and characteristics of 
the shell are as different from those of the variety occurring in 
the lower beds as could well be imagined. 

With the short-winged spirifers are associated Cyrtia ham- 
iltonensis Hall, a small form of Athyris spirifcr aides Eaton, 
LciorhyncJius laura Billings or Z. niulticostus Hall, Chonetes 
scitula Hall, Strophodonta 7iacrca Hall, and Callopora incras- 
sata Nicholson. These are all more or less abundant and con- 
spicuous, though it must be admitted that in numbers and 
consequent prominence, ^S'. niucronata overshadows all the rest. 

The only crinoid found in the upper division was a 7^axo- 
crifiuSy probably T. {^JForbesiocrinus) lobatus Hall. Two entire 
specimens of Dalmanitcs boothii Green, were found in the cut 
near Widdcr, and three other specimens were collected at the 
corresponding horizon a mile or so below Bartlett's Mills. 
PygiJia of Dalmanitcs arc more or less common, and seem to 
have been the only parts of this trilobite seen at these localities, 
by Dr. Nicholson. 

Here then we have three distinct faunas, or at least, if we 
mav not use the term fauna in such restricted sense, we have 
three distinct assemblages of species in a section of about 250 
feel. There is nothing to indicate any break in the continuous 
and orderly process of sedimentation from the beginning to the 
€nd of the time represented by all three of the divisions. 
Neither do the sediments, so far as lithological characters are 
concerned, change materially so as to indicate any change in the 
direction of the currents that carried the material to the place 
it now occupies. Bluish argillaceous shales, with here and there 
thin layers more or less calcareous, characterize all three of the 
divisions. It is true that the upper part of the third division 
is yellowish, and contains more than the usual proportion of 
calcareous matter, but the change indicated seems not to have 
affected the fauna, since the species of the latest beds range 
down into beds that are lithologically identical with beds of the 
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middle and lower palsontological divisions. One of two con* 
elusions seems inevitable. Either sediments do not always re- 
cord changes in physical conditions, or a whole fauna may be 
blotted out and be succeeded by a totally different fauna with- 
out any change in the physical environment. One great factor 
in the extinction of species, as all biologists admit, is competi- 
tion with other species. It may be, therefore, that the long- 
winged spirifers, through some defect in organization and under 
the conditions existing in that particular locality, were unable 
to hold their own against an invasion of their territory by corals* 
While, however, the corals of the middle division of our section 
were flourishing in undisputed possession of the region, the 
descendants of the long-winged spirifers that had been forced 
to migrate and establish themselves elsewhere, were undergoing 
modifications which fitted them better for the "irrepressible 
conflict;" and so, when the time is ripe, a hardier and more 
prolific variety, with shorter hinge and more robust form, de- 
scends upon the same region and occupies it, to the complete 
exclusion of the enemies of their long-winged ancestors. All 
this at least is conceivable; and notwithstanding the absence of 
any record to that effect, it is also conceivable that the organic 
changes so plainly recorded in the Hamilton section of Ontario,, 
may have been aided by mutations in the physical environment. 



A SHORT HISTORY OF THE ORIGIN AND ACTS OF THE 
INTERNATIONAL CONGRESS OF GEOLOGISTS, AND 
OF THE AMERICAN COMMITTEE DELEGATES TO IT. 

BY PERSIFOR FRAZER. 
(Continued trom the January number.) 

The report of the proceedings of the first Congress was pub- 
lished by the Imprimeri^ Nationale in 1880 under the direction 
of M. Thirion, secretary of the Central Committee. It forms a 
volume of 313 pages and is illustrated by seven cuts in all. It 
probably can be obtained still through any large firm of book 
sellers but will doubtless be soon out of print. 
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The Second Session^ or the Bologna Congress. 

The committee to prepare for the second session of the Con- 
gress in Bologna having received the promise of active aid from 
that city, and a grant from king Humbert of six thousand francs 
in addition to his acceptance of the title of "High Protector" 
of its work, organized a competition for the best solution of the 
problem of unification of systems of coloration, and other con- 
ventional symbols in geological maps, and opened it to all the 
geologists of the world. It was thought that the propositions 
of private persons which this competition would provoke added 
to the labors of the national sub-committees and of the interna- 
tional committee on the same subject would greatly facilitate 
the ends which the Paris Congress declared were to be attained 
by the deliberations of the Congress of Bologna; /. e. i, uni- 
fication of cartographic representation, and 2, unification of 
nomenclature. 

The regulations of the competition were as follows: 

1. The prize is for the best proposition for an international 
color scale and conventional symbols. 

2. The color scale should be applicable at least to general 
maps on a small scale, and must be accompanied by an explan- 
atory essay and by a sufficient number of specimens of maps 
and sections of regions of different geological characters. The 
French language is recommended for the essays. 

3. The name of the competitor shall be enclosed in an en- 
velope on which a motto or word shall be written which shall 
be repeated on the manuscript. 

4. The essays shall reach Prof. Capellini before May, 1881. 

5. The decision shall be made by a committee of five mem- 
bers chosen from among the presidents of the international sub- 
committees. 

6. 5,000 francs shall be paid to the author of a proposition 
which shall be deemed practicable. 

In case none of the propositions be deemed to fulfill the con- 
ditions necessary for the award of the first prize, a prize of 
1,000 francs shall be given to the most meritorious, together 
with a gold medal. 

Medals of silver and of bronze respectively will be awarded 
to the essays of the second and third order of merit. 
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7. The sealed envelopes containing the names of the authors 
of the best treatises shall be opened during a general session of 
the Congress, and the names proclaimed. 

8. A diploma of honor will be given by the Committee of 
O ganization to each of the authors of the three best treatises. 

There were six essay's received in time prescribed; four in 
French, one in German and French, and one in English. 

The committee of five to examine these essays was composed 
of MM. A. Selwyn, A. Ramsay, F. Giordano, V. de Moeller, 
£. B. de Chancourtois, E. de Mojsisovics, and E. Renevier- 
Selwyn and Ramsa}', however, did not attend, so that the jury 
consisted of five members only as had been intended. De 
Chancourtois was elected President. 

None of the essays were adjudged to have fulfilled the con- 
ditions required of presenting a practicable plan. The three 
best works were found to have been presented by ( i ) M. A. 
Ilcim, of Zurich; (2) M. A. Karpinsky, of St. Petersburg; (3) 
M. Maillard, of Lausanne. 

These essays are printed in the volume of the proceedings 
of the Bologna session. 

These av/ards were made public at the opening session of 
the Congress, September 26th, 1881, and together with the for- 
mal speeches constituted all the business which was transacted. 

On September 27th various reports of committees, etc., (in- 
cluding one by major Powell from the U. S. Geol. Surv. on 
nomenclature and cartographic representation,) were handed in. 
The word "series" was adopted as a term of division interme- 
diate between system and €tage by a vote of 52 to 35. 

De Chancourtois presented a memoir accompanied by a table 
on lithologic classification; de Cortazar on geological nomencla- 
ture; Mr. Gruner on the geological signification of the word 
" assise." 

September 28th, 1881. The report of the international com- 
mittee on nomenclature was read and discussed. September 
29th. Vilanova's dictionary of geological synonyms was rec- 
ommended to the attention of the Congress by M. Fischer on 
behalf of a committee appointed to consider this question. M. 
Renevier presented the report of the international committee 
on geological representation in maps. Berlin was decided upon 
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as the seat of the next Congress. M. Daubr^e gave the reso- 
lutions of the committee on the geological maps of Europe, 
adopting the scale at i — 1,500,000 and determining upon the 
places of meeting of this committee for the two succeeding 
years. The details of the report of this committee were 
thoroughly discussed. An able paper by dc Chancourtois on 
the unification of coloration was read, introducing the scale of 
the spectrum, etc. M. Uziclli added a note on the nature of 
the colors to be employed for coloring maps. 

September 30th was devoted still farther to the discussion of 
the colors to be employed in geological map making. 

October ist, ifcJSi. The question of the rules to be observed 
in naming species was brought up. M. Fischer gave an histor- 
ical sketch of the steps taken in this direction. Hubert, Fon- 
tannes, Gillieron, Van den Broeck, Mencghini, Zittel, Dcwalque, 
Emery, Renevier, Blanford, and de Moellcr, took part. 

Finally the following motion was unanimously adopted. 
"The nomenclature adopted is that in which every being is desig- 
nated by a generic and a specific name." This clause was added 
to paragraph No. 2 of Douvilld which was thereupon adopted. 
The following important resolution was also unanimously 
adopted. "In future for specific names the right of priority 
shall not be irrevocably acquired until the species shall have 
been not only described but figured." 

October 2d, 1881. Tlje Bologna session of the Congress 
was closed. The next session was fixed for Berlin in 18S4 ; 
Prof. Bey rich was made President of the Committee of Or- 
ganization, and Prof. Hughes offered the hospitality of Eng- 
land for the next following session. 

In summing up what this session of the Congress had accom- 
plished, president Capellini says : Two laborious sessions have 
been devoted to the discussion of plans for the unification of 
nomenclature; two other sessions have been accorded to the 
question of symbols. There seemed to be great difticulties in 
our way; nevertheless we have voted several important reso- 
lutions and decided upon the execution of a map of Europe. 
Our last session has been taken up with the consideration of 
the rules to be adopted in the nomenclature of species, and we 
•re justified in hoping that what we have begun here for palse- 
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ontology will be continued usefully with the aid of the zo6lo- 
^ists and botanists; ♦ ♦ ♦ 

The council proposed the following resolution which was 
accepted without dissent. " The Congress decides that an ap- 
peal shall be made to the zoological and botanical societies, and 
especially to the former, asking them to unite in the formation 
of a committee, or of an international congress, which shall 
have for its object the determination of the laws of biologic 
nomenclature and the establishment of similar rules in botany 
and zoology, comprising in these palaeontology. 

Categorically stated the results reached by vote were as fol- 
lows : 

I. Nomenclature, (aj) Rock-masses. 

1. Group (Secondary, etc.) 2. Systems (Jurassic, etc.) 

3. Series, (or section, or Abtheilung — Lower Oolitic, etc.) 

4. Etages (piano, piso, stage, Stufe — Bajocian, etc.) 5. As- 
sise (the equivalents in other languages than French not being . 
stated. — Assise A. Humphresianus, etc.) Couche can be em- 
ployed in French for assise. 7. A certain number of assises 
constitute a sub-^tage. The first element of stratified masses 
is the couche, Schicht, stratum, strato, Retek (Hungarian). 

(3) Chronologic divisions. 

9. Era, applies to the time of groups. 10. Period, to that of 
systems. 11. Epoch, to that of series. 12. Age, to that of 



€tage. 



1 1 . Colors and symbols. 



I. Crystalline schists, rose-carmine (preferably); deep rose 
for the rocks of undoubted pre-cambrian age, and pale rose for 
those of undetermined age. 2. Primary group; decision left 
to the committee on the map of Europe. 3. Secondary group 
(Mesozoic); Triassic, violet; Jurassic, blue; Lias, deep blue; 
Cretaceous, green. 4. Tertiary group (Cenozoic) yellow; 
light in proportion to the recent age of the rocks. 5. Quater- 
nary deposits; decision left to the European map committee. 
6. Resolution of details relating to shades, hachures, and letter 
notations. 
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if I. Rules for establishing' a nomenclature of species. 

1. The nomenclature adopted is that in which every being 
IS designated by a generic and a specific name. 

2. Each name is composed of a single Latin or latinized 
word, written according to the rules of Latin orthography. 

3. Species may present a certain number of modifications 
related to each other in time or in space, and designated respec- 
tively under the name of "mutations" or "varieties;" the mod- 
ifications of which the original is doubtful are simply called 
•" forms." 

The modifications shall be indicated, when there is occasion, 
by a third term, preceded (according to the case) by the words 
variety, mutation, or form, or by the corresponding abbrevia- 
tions. 

4. The specific name should always be accompanied by 
the indication of the name of the author who has established it; 
that of the author placed in parentheses when the primitive 
generic name is not preserved, and in this case it is useful to 
add the name of the author who has attributed it to a new 
genus. This same disposition is applicable to varieties erected 
into species. 

5. The name attributed to each genus or to each species is 
that under which they have been longest designated, provided 
that the characters of the genus and of the species have been 
published and clearly defined. Precedence shall not go back 
further than the 12th edition of Linnaeus, 1766. 

6. In future, for specific names, priority shall not be irrevo- 
cably acquired until the species shall have been not only de- 
scribed but figured. 

Following the account of the proceedings of the second Con- 
;gres8 is a description of the collections and models offered to the 
inspection of its members, and the lectures and communications 
presented during the Bologna meeting. 

There are " Macrographic classification of the trachytes of 
Hungary," by Szab6; "Classification of the old stratified for- 
mations of the island of Sardinia," by J. S. Bornemann; with 
two plates and three figures. " On the Cretaceous terrane of 
the great dunes of sand of northern Sahara," by M.J. Rolland; 
* The geology of New South Wales," by G. S. Wilkinson ; 
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" Descriptions of excursions to Florence, to Pisa, to Carrara, 
Ravin de la Morra, Gabbro, and Orciano Pisano. Next fol- 
lows the essay on a project of unification of graphic methods in 
geological maps, by Albert Heim, professor of geology at Zu- 
rich. 

This essay occupies 57 pages, is illustrated by four colored 
plates, and won the first prize. 

Following this is the essay which won the second prize, by 
A. Karpinsky, professor at the School of Mines in St. Peters-' 
burg. It fills nineteen pages and has six colored plates. The 
essay of M. Maillard which received the third prize occupies 
53 pages and is illustrated by two colored plates. 

A catalogue of the various works offered to the Congress 
completes the third part of this volume. 

The fourth part contains the report of the national committees 
forwarded to the international committees. These came frona 
Austria, Belgium, Spain and Portugal, France, Great Britain 
and Ireland, Hungary, Italy, Russia, and Switzerland. 

Following these are reports presented by their secretaries^ 
from the three international committees, to wit: by Dewalque 
on geological nomenclature, etc.; by Renevier on graphic 
methods of geologic representation ; and by Douvill^ on the rules 
for establishing a nomenclature of species. The reports from 
individuals are added; "On nomenclature and coloring," by 
Selwyn; "On coloring and notation of geological maps," by 
de Cortazar; letter of Mr. Hilgard; " Modifications proposed in 
geological nomenclature," by W. J. McGee; "Unification of 
nomenclature," by R. Owen; "General nomenclature and con- 
ventional symbols," by J. W. Powell; "R^sumd of a communi- 
cation on geological nomenclature and a stratigraphic scale," by 
N. H. Winchcll; "Rdsumd of the Cambrian rocks of New 
Brunswick," by Matthew and Bailey ; " On coloration and the 
use of conventional signs," by de Hantken ; " On the coloration 
of geological maps," by Medlicott; and "A system of colora- 
tion of geological maps," by Avanzi. 

The volume of the Bologna session contains 661 pages and 
might well serve as a model of the most perfect typographical 
art which our age can produce. The color printing, from the 
seal of the Congress on the first page to the color plate facing 
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page 526, is simply unsurpassable at the present time, and speaks 
volumes for the vigor, liberality and alertness of Italian science* 

The Third Session, or Berlin Congress. 

The subsequent history of the Congress down to the end of 
the Berlin meeting has been given to the public both through 
the pamphlet of the writer on "The work of the International 
Congress of Geologists and its committees," published by the 
American committee, and in numerous communications to the 
scientific press. 

A brief r^sum^ of these will here be given for the better en- 
lightenment of those who have formed their opinions of the Con- 
gress from vice president Gilbert's address before Section E at 
the last meeting of the A. A. A. S. in New York. 

M. Renevier on behalf of the international committee on the 
geological map of Europe, reported that it had assembled in 
1882 at Foix, and in 1883 at Zurich. He announced the ar- 
rangements made with the firm of D. Reimer and Co., of 
Berlin, for the publication of the map, and that Prof. Kiepcrt 
would provide a base which should include all new data both 
published and unpublished. 

Each of the great European States (viz: France, Spain, Italy^ 
Austro-Hungary, Russia, Scandinavia, Germany, and Great 
Britain,) had agreed to take 100 copies of the map, when com- 
pleted, at a cost of 100 francs each.* 

* The secretary of the American committee was authorized to state to 
the international committee on the map that the United States would 
take 100 copies under the same conditions as the above named countries. 

Inasmuch as the United States government cannot be counted upon to 
•ubscribe by an appropration of money, he was orderd to send out circu* 
lars and to procure subscriptions of institutions and individuals. This he 
has done, no less than three circulars having been addressed by him dur- 
ing the last two years to the persons mentioned in the catalogue of the 
members of Section E, A. A. A. S., in his own and the scientific ex- 
change list of the United States geological survey., and to the individuals 
and institutions mentioned in Cassino's Scientist's Directory, Besides this, 
every institution of learning recorded in the report of the ^^Educational 
Bureau" was addressed. Yet notwithstanding these expensive and 
laborious efforts to reach all classes of the American public likely to be 
interested in either the best map of Europe, or the science of geology 
but 75 copies of the xoo have been subscribed for. It is true that all the. 



•94 Frazer en IfU» Cong, of Geclogists. 

The international committee adopted the suggestions of the 
Bologna Congress as to the colors to be employed, and decided 
in the cases left to its judgment, (a) to represent the Carbonic 
system (or Permo-Carboniferous) by a gray color in three dis- 
tinct shades; (^) to assign to the Devonic system shades of 
brown; (^) to assign greenish gray to the Siluric; (</) to rep» 
resent the eruptive rocks by seven tints of red. Subsequently 
to the Berlin session this committee decided, as recommended 
at Bologna, to Employ lower case Roman letters to distinguish 
the terranes of sedimentary, and small Greek letters those 
of eruptive origin. The lesser divisions were to be made 
by small figures used as indices, thus: a*, a', a*, were lower, 
middle, and upper Archean, m , m , m , m , for the Ter* 
tiary, etc. 

In the Greek letters if stands for lavas of modem volcanoes, 
and y* for tufas and out-throws from said volcanoes, etc. 

The international committee on the unification of nomencla- 
ture made a careful report based upon the sentiments expressed 
at the Congress of Bologna, and proposing solutions for many 
•of the diflficult problems of the subject. It added to its report 
in the same spirit the scheme of Prof. Lossen for the classifica- 
tion of the eruptive rocks. 

This scheme, as well as the final arrangement of the Cam- 
brian, the division of the Archean, the decision as to the place 
of the Permian, etc., were simply offered in order that some 
project might be formulated and the way prepared for intelli- 
gent discussion. 

^reat universities and many of the libraries of the United States and the 
government institutions are already on the list, but the complete number 
should have been disposed of long ago. When it is considered that this 
map consists of 49 sheets, seven in breadth and seven in length, which 
when put together will cover an area of X2 x xi feet more or less; that it 
will be a far more accurate topographical and geographical map thaii 
exists at present; and that the newest determinations of the government 
geological surveys of Europe will be placed upon it, its cost ($26.00 to 
individuals and $21.00 to public institutions, everything paid) seems tri- 
fling. Will not the readers of this forward to Dr. Persifor Frazer, ioi 
•South Fifth street, Philadelphia, the names of enough subscribers to take 
up the remaining 25 copies, and thus relieve the committee from the ne- 
cessity of withdrawing the name of the United States from the list' of 
*^great states" subscribers? P. F. 
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The ciiarge which has been occasionally made by those who 
do not sympathize with the aims of the Congress, that the 
latter or its committees forced decisions upon these points upon 
the general body of geologists, is distinctly without foundation 
in fact. This will become evident when it is considered that 
the only votes taken at Berlin were: 

1st. That the map committee should select for experiment 
on the map of Europe, gray tint for the Carbonic and Permian. 

2d. That this committee ^^Might adopt frovisionally accord^ 
ing to its choice a scheme of colors for its convenience^ and thai 
this choice should not decide the scientific questions concerned 
therewith at alV^ 

3d. For the map experiment the eruptive rocks should be 
represented by seven tints of red. 

4th. The solution of other questions which might arise in 
the construction of the map were left to the decision of the 
committee. 

5th. The word "group" was decided upon for the most 
comprehensive division. 

6th. "Archean" was decided upon for the name of thelow- 
•est division. 

7th. "Protogine" was abandoned as a division. 

8th. The divisions in the Archean group were left to each 
geologist without assigning to such divisions any chronological 
value. 

9th. The upper limit of the Devonic system is to be placed 
at the base of the Carbonic limestone, that is to say, the system 
•comprises the psam mites of Condroz and the upper Old Red. 

Many of the most difficult questions were left specifically to 
the investigation of the international committee and the decision 
■of future Congresses, and all others were so relegated by tacit 
<:onsent. 

It must be conceded, therefore, that the Congress has been 
very chary of assuming responsibility, and most anxious to 
leave the settlement of vexed questions to the labors of original 
investigators. 

First meeting of the American committee. 

A few months after the adjournment of the Congress and 
the return "bf the American delegates to this country, the presi- 
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dent of the American committee instructed the acting secretary 
of the committee during the Berlin Congress, Dr. Frazer, to 
call a meeting of the committee at the Windsor hotel, New 
York, on Friday, January 8th, 1886. 

There were present Hall, Hunt, Newberry, Hitchcock, Ste- 
venson, Cook and Frazer. 

Mr. McGee having been sent by major Powell to represent 
him was by vote of the committee authorized to take part in 
the proceedings. Dr. Newberry moved that the report of the 
proceedings of the Congress be prepared by the secretary, Dr.. 
Frazer, from the notes he took at Berlin, and that a translation 
by him of the reports of the two international committees be 
added to the report of the proceedings. He was also directed 
to write an address to American geologists as a preface to the 
report. 

It was decided to secure the cooperation of the scientific so- 
cieties of the country to secure a meeting of the Congress in the- 
United States, next after its meeting in London. 

Second meeting of the American committee, 

A second meetmg of the American committee was held in the 
Murray Hill hotel, New York, May 22d, 1886, at which were 
present Hall, Williams, Cook, Stevenson, Cope, Newberry, and 
Frazer, 

After routine business, the committee of five which had been 
appointed at the first meeting " to discuss the attitude of Amer- 
ican geologists toward the decisions of the next Congress'** 
etc., was enlarged into, practically, a committee of the whole, 
divided into seven sub-committees, each of which was charged 
with the duty of formulating American opinion on its own par- 
ticular subject. 

(These sub-committees, as finally arranged, will be given in 
the proceedings of the next meeting.) Committees were ap- 
pointed to provide for the distribution of the 100 copies of the 
European map which the American committee had decided to 
order in the name of the United States. The secretary was 
instructed to prepare a report of the work of the committee, 
for presentation at a general session of the A. A. A. S. A copy 
of the Proems Verbaux of the three sessions of the committee 
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on the European map, held in Berlin, were presented to the 
American committee by Dr. Frazer, secretary. 

Prof. Williams was elected treasurer of the American com- 
mittee. 

Third meeting of the American committee. 

A third meeting of the American committee was held in 
Philadelphia at the University Club, December, 28th, 1886. 
There were present : Hitchcock, Williams, Stevenson, Frazer. 
Dr. Hunt's resignation as secretary of the American committee 
was accepted. The following list of sub-committees, with 
their chairmen, was received from the president and read: 
Archean — Hunt, Hitchcock, Winchell, Pumpelly, Frazer. 
Lower Paleozoic — Hall, Winchell, Lesley. Upper Paleozoic — 
Hall, Lesley, Dawson, Newberry, Stevenson, Williams. Meso* 
zoic — Newberry, Cook, Cope, Powell. Cenozoic (Marine) — 
Eugene A. Smith, Newberry. Cenozoic (Interior) — Cope. 
Quaternary ^ Recent, and Archeology. — Powell, Winchell, 
Cook. 

Sir J. W. Dawson's resignation from the American commit- 
tee was accepted. 

Fourth meeting of the American committee, 

A fourth meeting of the American committee was held in 
Albany (State Hall), on April 6th, 1887; present: Hall, Hitch- 
cock, Cope, Stevenson, Williams, Winchell, Cook, and Frazer. 

Prof. Winchell moved that the decisions of the International 
Congress be accepted by this committee, and that their accept- 
ance be recommended to American geologists. This motion, 
with the modification "that we will be prepared to ask the next 
Congress for a few changes," was finally adopted. 

Preliminary reports on the subjects referred to sub-commit- 
tees were then read and discussed. Reporters were appointed 
for the various sub-committees and charged to get ready reports 
for presentation to the American committee at its next meeting, 
just before the next meeting of the A. A. A. S. in New York, 
in August. These reporters were: Archca?t — Frazer; Lower 
Paleozoic — Winchell; Upper Paleozoic — Stevenson and Wil- 
liams; Mesozoic — Cook; Interior Cenozoic — Cope; Marine 
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Cenozotc — Smith; ^uatemary^ Recent^ and Archeology — 

Powell. 

The secretary sent out a circular, which was also printed in 

"Science" and in the "Am. Jour, of Science," announcing the 

names of the reporters and asking all geologists to communicate 

their views. This circular was signed by all the reporters but 

major Powell, who took no notice of the letter addressed to- 

him. 

Fifth meeting- of the American committee. 

The fifth meeting of the committee was held at Spring Lake, 
New Jersey; present: Powell, Smith, Cook, Williams, Winchell,. 
Hitchcock, Cope, Frazer. 

Reports were read on the Archean, Lower Paleozoic, Upper 
Paleozoic (Devonic), Upper Paleozoic (Carbonic), Mesozoic, 
Interior Cenozoic, Marine Cenozoic. All the reporters were 
present except Prof. Stevenson, but major Powell stated that 
he had prepared no report, and gave a verbal statement instead 
on the Quaternary. 

Major Powell opposed any vote of acceptance of these re- 
ports by the committee, and in deference to his wish no vote 
was taken. The committee was ordered to report its prelimi- 
nary recommendations to Section £, on the assembling of the- 
A. A. A. S. the following week. 

The week following this meeting of the American committee 
and during the A. A. A. S. meeting, August 12th was set 
apart by Section E. for hearing the reports of the American 
committee which the secretary accordingly read in abstract- 
Vice president G. K. Gilbert, of the U. S. Geol. Survey, the 
president of the Section, whose address had been an unfavorable 
criticism of the Congress, decided at the outset that " no vote in 
relation to the reports was in order inasmuch as these reports 
had not been adopted by the committee but were merely the 
individual opinions of the reporters making them." Neverthe- 
less by unanimous consent, president Gilbert permitted a resolu- 
tion of approval of the work of the committee (to which major 
Powell had added an amendment increasing the number of 
members of the committee to seventy-five), to be brought before^ 
the Section, but, there being apparently much opposition to the 
amendment, declared the Section adjourned to go upon an ex-* 
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cursion. On the reassembling of the Section in the evening 
major Powell withdrew his amendment and the resolution waa^ 
imanimously carried. 

Sixth meeting' of the American committee. 

After the adjournment of the Section a sixth meeting of the- 
American committee was held on August 15th, 1887, in 
Columbia College, at which routine business was transacted. 

Before this is put into type a seventh meeting of the Ameri- 
can Committee will have been held in New Haven. 

The question which most concerns American geologists isy. 
what attitude they propose to assume toward the body of their 
own creation. A Congress of experts from every country on 
the globe assembled to clear away the confusion arising from 
misuse of terms, synonymy, and local prejudices, and thus to^ 
facilitate the progress of science, is a distinctively nineteenth 
century idea. Not that it originated with the gentlemen who- 
called this geological Congress into being; for the experiment 
had been tried on numerous occasions before; but no science, 
needed such assistance more than geology, which is peculiarly 
liable to death by drowning at the hands of any one who is> 
provided with a few terms, the physical power to walk over the 
country in his own neighborhood, and an ambition to be seen 
in print. Unlike astronomy, and physics, and mechanics and 
chemistry, which are removed from the touch of the idly pro- 
fane by the expensive tools required to prosecute them (the 
first three being also additionally guarded behind the strong 
wall of mathematics) geology requires a properly trained imag- 
ination if its disciple would rise above the level of a mere col- 
lector. Instead of this it is but too frequently treated to an 
imagination without safeguards, a commodity which not only 
invalidates conclusions made in its name but even vitiates its 
supposed facts. A single statement distorted, whether acci- 
dental through ignorance, or purposed through a desire of 
notoriety, concerning a phenomenon which cannot be again ob- 
served, may act for years as a bar to a consistent theory of a 
group of facts in which it ought to be one component. How 
vitally important then that the individual errors of work in 
such a science, the parallax of national or bureau vanity, the 
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acidity of personal biliousness, and the depreciation of the com- 
petency of workers whose language and customs we do not 
understand, should be eliminated. No one man or class of men 
from one or two countries knows enough to propose the best 
plan for thorough mutual assistance. 

If the older sciences had been able to avail themselves of this 
plan of mutual help, it is not doubtful that they would be far 
more advanced now than they are. The plain moral is that 
every true scientific geologist the world over should enter into 
hearty sympathy with the work of the Congress, knowing that 
by the cooperation which it secures, the advance of the science 
must be immeasurably greater than it could be from the divided 
energies of a handful of leaders, each using the resources of his 
government to enable him to show that all the rest are hope- 
lessly wrong and himself phenomenally and wholly right. 



A CORRELATION OF THE LOWER SILURIAN HORIZONS 
OF TENNESSEE AND OF THE OHIO AND MISSISSIPPI 
VALLEYS WITH THOSE OF NEW YORK AND CANADA. 

BY E. O. ULRICH. 

As expressed in the above title, the chief purpose of this 
paper is to determine the equivalence of the various beds com- 
prised in the Trenton and Nashville series of Tennessee, those 
of the Trenton limestones of Kentuckv, the Cincinnati and 
Hudson horizons of Ohio, Indiana, and Kentucky, and all of 
the beds of Illinois, Iowa, Wisconsin, and Minnesota, included 
between the St. Peter's sandstone and the Niagara limestones, 
with the typical rock sections in Canada and New York. 

Since 1879 I have been gathering data bearing upon questions 
involved in this study, yet I cannot say that I am fully prepared 
to solve any beyond doubt. Whenever possible, I have per- 
sonally visited the typical localities, to either corroborate or 
correct the observations of others. These explorations, how- 
ever, have not been so extensive as was desirable, but when 
combined with the facts gathered by the geological surveys of 
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Ihe various states in which the rocks under consideration "apt/^-"* 
exposed, a nearly conchisive correlation seems possible. Being " - 
especially interested in paheontological problems, it follows that 
stratigraphy and the lithological peculiarities of the various 
beds to be discussed, though not by any means ignored, have, 
nevertheless, been subordinated to evidence furnished by their 
fossil contents. 

In late years a disposition to undervalue palaiontological evi- 
dence, as determinative of the position and inter-relation of 
strata, has been making itself felt. That stratigraphists and 
lithologists have some excuse for abandoning their confidence 
in determinations based upon fassil evidence, I am willing to 
admit. Still, I am confident the fault lies not s.o much with 
the fossils as with their identifiers. What possible value can a 
determination of any of the Lower Silurian divisions have, 
which, among a total of five or six doubtful species, mentions 
several of such long-lived forms as Strofhomena alternata^ 
Xygosfira modesta^ Orthis lynx^ O, testudinarla^ Murchisonia 
bicincta^ Pleurotomaria {^Raphistoma^ lenticularis^^Xii\ Plcu- 
rotomaria subconicaP Besides these we almost invariably find 
that the lists contain uMonticullpora oxChcctetcs pctropoUtana^ 
lycoperdon 2LX\i\Jibrosa^ three names that together have been ap- 
plied to no less than fifty distinct species. 1 ask again, what 
value can an identification resting upon such grounds have? 
Practically none. 

The determination of particular stratigraphical horizons by 
means of their characteristic organic remains is sufficiently diffi- 
cult even under the most favorable circumstances. Still geolo- 
gists have little or no excuse for faulty determinations, since, if 
correctly identified, the fossils furnish very reliable data. In 
my opinion, at any rate, it is by far the most reliable and ready 
evidence obtainable. Species known to have great vertical range 
are of course not available for the identification of the minor 
geological divisions, except to expert paliEontologists. They 
are of great use to the skilled, because he is capable of noting 
every change in the development of the species, and 1 believe 
I can claim without fear of contradiction, that scarcely a single 
form passes from one recognizable division of rocks to another 
without sustaining a more or less marked change. Sometimes 
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• '--tifcfthange is very slight indeed, but in most cases the practiced 
*\ *. •*• *cye has little difficulty in recognizing it. We have men, nat- 
• uralists too, who are capable of appreciating very minute dis- 

tinctions, but when called upon to separate a lot of fossils, they 
cannot see the differences, and because they cannot see them, 
they reason that they do not exist. Such reasoning is, however, 
not good, as their inability to see is simply due to a lack of 
education and training in this particular department. Many 
minute and seemingly trivial variations exist, which are ordi- 
narily (especially by the stratigraphist) not at all taken into 
account. Yet they are of the utmost importance in stratigraph- 
ical determinations. Their value as markers of particular 
horizons must be manifest to all who can see that, if, (all things 
being equal,) large variations required a long time in their pro- 
duction, smaller deviations needed a correspondingly shorter 
time; hence, that the equivalences indicated by them are neces- 
sarily closer and more trustworthy. 

We can not, of course, demand that the geologist who has 
made lithology and economic geology his principal studies, 
should also make himself familiar with the minute details of 
p:ila?ontological subjects. No, geology has advanced too far 
to he mastered in detail by any single mind. We may, how- 
e\ er, reasonably expect that he wjll join forces with special 
students of palaeontology, for thus only are uniformly success- 
ful results possible. 

The subject of the study here contemplated, embraces three 
busins or large areas of exposures, besides several small patches 
along the Mississippi river in Illinois. 

In order that the reader may follow the evidence presented 
and form his own conclusions with the progress of the paper, 
I shall first consider each of the several series separately and 
without comment upon their equivalences, reserving the conclu- 
sions until after all the facts relating to the questions at issue 
have been presented. 

As the series is more complete and the exposures more exten- 
sive in the Ohio vallev than in either Tennessee or the north- 
west, they are taken up first, leaving the consideration of those 
of central Tennessee, northern Illinois, Iowa, Wisconsin, Minn- 
esota, Canada and New York to follow in the order named. 
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The lowest rocks of this series are exposed in the gorge of 
the Kentucky river near Camp Nelson. From this point, 
which is at the summit of what the Kentucky geologists have 
called the "Kentucky anticlinal," all the superposed strata dip 
rapidly to the south-east, and more slowly to the north-west, 
while in a due northerly direction, a very gentle dip, averaging 
nearly six feet to the mile, prevails far into south-eastern Ohio. 

Fine natural sections of the lower rock are presented in the 
almost vertical cliffs that border the Kentucky river along its 
course between Jessamine and Woodford counties on the north, 
and Mercer, Garrard and Anderson counties on the south. To 
the north and south of the river the topography of the country 
gradually rises, bringing to the surface the succeeding layers of 
the series. On the southern side of the river, the rate at which 
they are brought up is moderately rapid for the first four miles, 
along the Cincinnati Southern R. R., slower for the next three 
miles, and scarcely appreciable during the following six or seven 
miles. At this point, which is situated a short distance south of 
Danville, the summit of the Kentucky anticlinal crosses the line 
of the R. R. in a north-east and south-westerly direction. A 
fault in this region brings up the sixth member of the series, 
which had already been passed at a point three and a half miles 
south of High Bridge. The dip of the rocks beyond the sum- 
mit of the anticlinal, which in this region has a more easterly 
and westerly direction than usual, is rapid, causing the rest of 
the Lower Silurian strata, here about 7cx> feet in thickness, to 
pass under the overlying Corniferous limestones and black 
shales at a point near McKinney's station, twenty-nine miles 
south of High Bridge. Between Danville and McKinney's 
station small patches of black shales are frequent, but I have 
not met with any exposure of Lower Silurian strata south of 
the last locality named. 

To the north from the river the country rises at first more 
rapidly than on the southern side, but beyond Nicholasville the 
strata are nearly parallel with the surface as far as Georgetown, 
thirty-three miles north of the river at High Bridge. From 
Georgetown to Roger's Gap, slightly higher strata make their 
appearance in the railroad cuts. At the last locality a large cut 
exposes the dark drab shales and thin, sandy layers of lime- 
stone, which do not again come to the surface until we reach 
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the Ohio river at Cincinnati. From Roger's Gap to Cincinnati 
the road bed gradually passes over all the strata exposed in the 
hills skirting the south bank of the Ohio river, the highest beds 
exposed in the cuts being equivalent to those met with in the Cin- 
cinnati hills at a hight of about 375 feet above low water mark. 

As is well known, the lowest beds exposed in Ohio are seen 
in the bank of the Ohio river near Point Pleasant. These I 
regard as representing a horizon between forty and fifty feet 
lower than those seen at low water mark at Cincinnati. From 
the base of the Point Pleasant beds to the top of the Cincinnati 
series, there arc nearly 800 feet of shales and thin layers of 
argillaceous to crystalline limestone. To the southeast and 
northeast of Point Pleasant the beds dip more rapidly than to the 
westward, so that while the upper layers pass under the river bed 
about eighty miles west of the Point, they already disappear at 
about forty-five miles eastward. To the north, northeast and 
northwest of Cincinnati they pass under the Upper Silurian de~ 
posits, at distances varying from twenty-seven to seventy miles. 

In a general way the above briefly describes the distribution 
of .the members of the series as they are met with along a north 
and south line passing nearly through the center of the area of 
which they form the surface rocks. I now propose to take up 
successively each division, giving in moderate detail its litholog- 
ical characters, thickness, localities of outcrop, and other features 
of interest, and, more particularly, the characteristic fossils. Of 
the latter the names of only such species as are known to occur 
in two or more of the four distinct areas will be mentioned. 
At the close of the paper some remarks relating to the distribu« 
tion and extent of the fauna will be in order. 

To prevent anticipation, I shall designate each bed that shown 
peculiarities of either a lithological or faunal character with its 
respective numerals as it occurs in the section from below up- 
ward. This plan will be followed with all excepting the New 
York and Canadian sections. 

In the Kentucky section,* beds No. I, show a thickness of 

* The Lower Silurian rocks of central Kentucky have been ably re- 
ported upon by the lately deceased Mr. W. M. Linney, assistant on the 
Kentucky geological survey. I bear willing testimony to his zeal and 
the unusual accuracy with which he has worked out the various beds. 
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-about 350 feet in the gorge of the Kentucky river near the 
mouth of Cooper's branch. Following the outcrop in a south- 
easterly direction up the river, it will be found to dip rapidly, 
passing out of sight within three and a half miles. Going down 
the river the dip is much less abrupt, the top being nearly 200 
feet above the water at High Bridge, and not reaching the 
water's level until near Tvrone in Anderson count v. 

These rocks are usually fine-grained, hard and tough, and 
•generally of a dark drab or dove color. Some are slightly 
'Crystallized and grayish, and many have a faintly mottled ap- 
pearance. Almost throughout they are heavy bedded, some 
of the layers being twenty feet or more in thickness, but the 
majority vary between one and two feet. Fossils are few, yet 
at several horizons there are a few thin layers with shaly part- 
ings, that are largely made up of organic remains. Such a 
horizon was noticed near High Bridge at about 150 feet below 
the top layer. Here the following sjjecies were collected: 

Orthis subequata Conrad. Dalmanites sp. 

The shell named yl/rv/tf dubia^ by H. Bathyurus (two species.) 

Moflurea tnagna Hall. Leperditia canadensis Jones. 

Rapkisioma pianist riat a ^ var. pa ri'a II. Leperditia ^ tumida n. sp. 

Orthoceras explorator Billings. Beyrichiaf bicurxmta n. sp. 

Orthoceras furtiT>um Billings. Beyrichia persculpta n. sp. 

Pterotkecai^ small species.) Stictopora fe nest rata Hall. 

Cypricardites sp. Mitoclema cinctosum Ulrich. 

CoHckicolites (a very small species.) Several undet. species of Bryozoa. 

Some of thespecies were abundant, particularly the Ostracoda. 
Between the top layers and sixty-five feet below there are 
several intermittent horizons that have furnished a few fossils. 

Here Strofhomena incrassata Hall, RhynchoneUa plena Hall, 
Orthis costal is Hall, and Maclurca niagna^ are sometimes nu- 
merously represented, while an occasional specimen of Asaphusf 
marginal is Hall, may be found. 

Beds n. This is a regularly bedded, dolomitic limestone, 
iibout ten feet in thickness, of a gray color, with greenish, blu- 
ish, or brown blotches. The whole, when weathered, assumes 
a color approaching buff. These rocks have received the name 
-*' Kentucky marble." Being unfossiliferous their principal in- 
terest, in this connection, consists in the fact that they are very 
persistent both in their thickness and lithological characters, hav- 
ing been met with in deep well-borings as far north as Cincinnati. 
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Beds III. The lower layers of this division, which com- 
prises about icx> feet of mainly gray to light drab limestones^ 
closely resemble the heavy, tough beds of division I. Some 
are rather brittle and break with a conchoidal fracture. The 
gray layers are commonly thin-bedded and slightly crystalline. 
The middle layers are of drab color, variously bedded, very fine 
grained, rather soft, with frequent crystals of calcite and occa- 
sional specks of iron pyrites. Toward the top the beds become 
shaly, of a light dove color, and highly fossiliferous. The top 
is marked by a gray crystalline layer two or three feet thick, 
plated on the upper side with several thin layers of red chert, 
almost made up of the valves of Leferditia fahulites. 

In the lower heavy bedded layers, fossils are very few, but 
near High Bridge several good fragments of undetermined 
trilobites were found. They belong to four species, one an 
Asaphus^ the others apparently referable to Bathyurus. One 
of the latter is identical with a form found 150 feet or more 
below the top of beds I, while another recurs high up in the 
present beds. The middle layers are almost destitute of fossils, 
but the peculiar markings which Hall has described under the 
name Phytopsis tubulosum are abundant. Higher up, Phy top- 
sis celhilosum Hall, which is clearly a lax-growing form of 
Tctradium^ is met with. The upper twenty feet or shaly por- 
tion of the beds, are highly interesting to the palaeontologist, 
as they contain thin plates of limestone literally filled with 
organic remains. The fossils, too, are in an exceptionally good 
state of preservation. The following should be mentioned: 

Tetradium cellulosuin Hall sp. Pleurotomaria subconica Hall. 

Piilodictya ramosa Ulrich. Ilclicototna n. sp. 

" lihana Safford. Trochonema umbilicaium Hall 

Stictofora labyrinihica Hall Ormoceras tenuifilum Hall. 

" nicholsoni Ulrich. Orthoceras mnlticatneratum Hall. 

Pkyllodiciya frondosa Ulrich. " amflicameratum Hall. 

Helopora sfiniformis Ulrich. " four undet. species, one 

Phylloporina (a species near or with strong annulations 

identical with P. frentomnsis.) Cyr/oceras pIanadorsa/um\Wh\tf\e\d. 

Nicholson. " bondi Safford. 

Monticulipora ivetherbyi Ulrich. Endoceras sp. 

Homotrypa ramulosa \]\T\ch. Conulana quadraiaVJoXcoit. 

Or this subequata Conrad. Pterothcca attenuata Hall. 

" trice nariii Conrad. Cypricarditcs ventricosus Hall. 
" deflecta " ** subtruncata Hall. 

Streptorhynchus filitextus Hall. " subcarinatus Bill. 

(The typical form.) Leperditia fabulites Conrad. 
Streptorhynchus filitextus ? var. a. " ? tumida «. sp^ 

(A thinner form.) Beyrichia persculpta u. sp. 
Subnlites clongatus Conrad. ** ? bicurvata n. sp. 
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The Ostracoda and some of the Bryozoa are exceedingly 
abundant. Where these beds come to the surface red cedar w 
the prevailing tree. 

Beds IV. Resting upon the rocks just described, I find from 
twenty to twenty-five feet of decidedly cherty layers, the blocks 
of hornstone giving them a rugged aspect when worn. The 
soil formed by them is of a light red color. I have met with 
these layers only in Mercer county, about two miles south of 
High Bridge, where they are shown in several small cuts along 
the Cincinnati Southern R. R. Here they consist of unequal 
but never thick layers, made more or less irregular by the horn- 
stone, which of itself may form irregular layers. Near the 
middle of the beds there is a very soft clay layer, about two 
feet in thickness, nearly white, with often a greenish tinge. 
Some fragments were seen in which the green color is decided. 
It has a peculiar unctuous feel, is readily cut with a knife, and 
when exposed a short time to the atmosphere breaks up into 
small fiakes. 

Fossils are moderately abundant in these beds, but, so far as 
observed, occur only in or on the surface of the blocks of horn- 
stone. All are silicified, and the most of them very difficult to 
obtain in good condition. A species of Hclicotoma^ which 

seems identical with Pleurotomaria numeria Billings, is very 

• 

common. The other fossils are: 

HcHcotoma n. sp.{ii) (also in di\ i-iion Orthis hvllarufrosa Conrad. 

3.) Columnar ia halli Nich. 

Murcnisonia tricariuata Hall. ( —Cahrolata^ American authors. 
Ortkoceras (4 or 5 undet. spei ies.') non Goldfuss. 

Cyrtoceras pla»odorsatum\\'Y\\Xf\em. Stromatocvrium rugosmm Hall. 

Catncrella pamleri Bill. Calathium for»w$um Bill. 

Beds V. Succeedin*? beds IV wc find a series of hcavv bed- 
ded, coarse, sub-crystalline, gray rocks, about thirty feet thick. 
They are siliceous and argillaceous, decompose rapidly, are 
overlaid by heavy beds of dark red clay, containing large num- 
bers of silicified fossils and some nodules of chert. The best 
section seen of these rocks occurs along the line of the Cincin- 
nati Southern R. R., where they are exposed in a cut nearly 
three miles south of High Bridge. Just beyond the cut, on the 
east side of the track, the overlying clay has been scraped away 
to use in filling. The rugged rocks are here exposed in places 
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and the rains have served to wash out many interesting fossils 
from the clay, which still partly covers them. They are rather 
coarsely silicified, causing all the finer details of structure to be 
destroyed. Still they are usually in a sufficiently good condi- 
tion to render their identification comparatively easy. Among 
others the followinsr should be mentioned: 



ReceptaculUcs occidentalis Salter. 
Streptelasma comic ulum Hall. 
" profundum Hall. 

Columiiaria gotdfussi ? Bill ( 

carterensis Safford. 
Glyptocrinus prise its Bill. 
BUistoidiKritius carcharidrns Bill. 
Hyhocrinus tumidus Bill. 

" conic us Bill, 

Porocrinus comcus Bill. 
Caraboct'iims radiatus Bill. 
Palacocrinus anguhitus Bill. 
Dendrocriuus acutidacivlus Bill. 

jpwetti Bill. 
Cleiocrinus regius ? Bill. 
Amygdalocystitcs Horcalis Bill. 

** radtatns Bill. 

Anotmdocystites sp. 
PhurcKystitcs (spccicb near i 

squamosMs Bill. 
Edrioaster bigsbyi Bill. 
Phyllodictya Jrondosa I' 1 ri c h . 
Or this trice Maria Conrad. 

" pectincUa Hall (abundant) 
*' deflect a ? Conrad. 
Platystrophia lynx var ^/. 
St reptorhynchus Jilitexus Hall. 



Zygospira recurinrostris Hall. 
Rhynchonella subtrigonalis Hall. 
Bellerophon bilobatus Sowerbr. 
C. " {Cyrtolites) macer Bill. 

Bucania punctifrons Emmons. 

'* bidorsata Hall. 
buelli Whitfield. 
Pleurot&maria profrne Bill. 

'* hyale Bill. 

Trochonema umbilical nm Hall. 
Cyclonema percarinatum Hall. 
Slurchisonia ale.xandra Bill. 

milleri Hall (tvpical.) 
hermione ? Bill. 
Orntoceras tcnuifilum Hall. 
Orlkoceras arcuoliratutn Hall. 

" amplicatncraium Hall. 

" planoconvexum Hall. 

" (seven undet. species.) 

Endoceras multitubulalum 1 Hall. 

" sp. undet. 

Phragnioceras sp. undet. 
Cyrtoccras (five undet. species.) 
Colpoceras gracile Wetherby . 
Pterotheca sp. undet. 
Tellinomya aslartiformis Salter. 
Cypricardites hayniana ? Saf . 
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Beds VI. These beds seem to vary somewhat in thickness, 
but on an average may be said to be about thirty feet thick. 
At the base there are generally a few light drab layers that are 
slightly siliceous and charged with a large form of Orthistestu- 
dinaria. The remainder is made up of hydraulic limestones, 
which weather to a dark jrrey or drab color. Thev form rather 
even layers of from one to eijjht inches in thickness, with often 
shaly partings of like color. 

These beds are seen in a cut about three and one-half miles 
south of High Bridge, again in the bank of a creek a half mile 
south of Danville, where a fault brings them to the surface, at 
Frankfort and other localities in central Kentucky. 

The fossils in these beds are not evenly distributed, being 
abundant in some of the la vers and rare in others. Near the 
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middle there is one which holds many specimens of a new 
species of Modiolofsis. It usually occurs in the shape of casts 
of the interior, but examples retaining the shell are not uncom- 
mon. Some feet higher there are several thin layers holding 
an abundance of a small hemispheric species of Prasopora^ one 
inch or less in diameter, while at the top I have met with a 
layer about one foot in thickness in which the fossils ( Tctradl- 
um and several Gasteropoda are silicified. The I.tngulce are 
almost restricted to the shalv la vers. Following is a list of the 
principal species: 

Tetradium minus Safford. Liutrula cldcri VVhitf. 

Prasofora lycoferdon Vanuxcm (rare) Bellcrophon biiobatus Sow. 

" hemisfherica n. sf. Raphistoma lapicida Salter. 

j^yffospira recMrznrostrts Hall. Murchisoma mdleri Hall (typical) 

JJnfrula ridnijormis Hall. Alodiolopsis az^iformis (n. sp.) 

" curta Hall. Tentaculitcs obliqnus (n. sp.)* 

Beds VII. These beds are usually darker than the preced- 
ing, being often dark blue, with the shales sometimes even 
black. The latter are commonly brownish, weathering to a 
dark drab or jjrav. The whole is about sixtv feet thick and 
<:omposed of thin, irregularly bedded, highly fossiliferous lime- 
stones, with thin, shaly partings. After an exposure of several 
years the slabs are nearly always small, and characterized by 
their rough nodular surface. They decompose rather rapidly 
and give rise to the best soils in the state, for it is upon them 
mainly that the famous blue-grass attains its most luxuriant 
growth. 

These beds are wxll exposed in the cuts along the C. S. R. 
R. between four miles south of High Bridge and Burgin, two 
miles farther south. Also in several cuts between twc» and a 
half and ^\q miles south of Burgin, where they again form 
the surface rock, after having been covered by succeeding lay- 
<?rs for perhaps a mile and half. Natural exposures are not 
common, because of the level lands that have resulted from 
their uniform dismtegration. Some fairly good exposures are 
seen at Frankfort. 

Fossils are very abundant, particularly so the Bryozoa, many 



•This species is abundant in certain layers. It is about lo mm. long, 
XX) mm. in diameter, slightly curved, and marked with rounded annula- 
tions about 15 to 5 mm., which pass obliquely around the shell. 
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of which are as yet undescribed. They are generally in a good 
state of preservation, and so far as observed, never silicified. 
Those of interest in this connection are: 



Stictofwa mutabilh Ul. 

** paupera Ul. 
Pachydictya acuta Hall. 
Eurydictya muUipora HalFfi Kp. 
Ceramoporella sp. (a) 
AtactoporeUa sp. (a) 
Prasopora ly coper don Van. 

(typical and very abundant. 
Dekayia trenionensis. Ul. 
Pettgopora petechialis Nich. 
Monotrypella multitabulata Ul. 
Batostomella f (renfoncnais Nich. sp. 
Camerella n. sp. (aj 



Lingula riciniformis Hall. 
** cobourgensis Bill. 
Belleropkon bilobatus Sowerby. 
Cyrtolites compressus Conrad. 
Fusispira terebriformis Hall. 
Rapkistofna Icnticularis Hall. 
Murchisonia milleri Hall, (typical^ 
llolopea veniricosa Hall. 

*■*■ leiosoma Bill. 
Tellinomya levata Hall. 
Lyrodesma planum Conrad. 
Conchicolites fiexuasum Hall. 
Dalmanitcs callicephalus Green, 



(To he continued.) 



F. V. HAYDEN, M. D., LL. D. 

BY E. D. COPE. 

Ferdinand V. Hayden, M. D., Ph. D., the well-known geolo- 
gist, died December 22 at his residence in Philadelphia, after an 
illness which confined him to his room for over a year and a 
half. 

He was born in Westficld, Mass., September 7, 1829, and at 
an early age emigrated to Ohio, and was graduated from Ober- 
lin College in 1850. He afterward studied medicine at the Al- 
bany Medical College, taking his degree in 1853. He did not 
practice medicine, but in the spring of the year of his graduation 
visited the "bad lands" of Dakota on White river in the in- 
terest of Prof. James Hall, explored one of the remarkable an- 
cient deposits of extinct animals, and returned with a large and 
valuable collection of fossil vertebrates. He spent the three fol- 
lowing years in exploring the upper Missouri, and his large 
collection of fossils was partly given to the Academy of Sci- 
ences in St. Louis and a part to the Academy in Philadelphia. 
These collections attracted the attention of the officers of the 
Smithsonian Institution, and he was appointed, at the sugges- 
tion of general J. A. Logan, geologist on the staff of lieuten- 
ant G. K. Warren, of the U. S. topographical engineers, who was 
then making a reconnoissance of the Northwest, and continued 
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on duty till 1861, when he entered the war as a surgeon of vol- 
unteers. He was brevetted lieutenant-colonel for meritorious 
services at its close. 

In 1863 he was elected professor of geology and mineralogy 
in the University of Pennsylvania, and held that post until 1872, 
when he resigned on account of the increased labor of manag- 
ing the survey. In the summer 1866 he made another expedi- 
tion to the upper Missouri. 

The United States geological survey of the territories, un- 
der charge of professor Hayden, was commenced in the spring 
of 1867 and continued until 1879. '^^^ annual reports of the sur- 
vey have been published in 8vo, and eight volumes of the quarto 
final report. Three volumes of the 4to series are not yet pub- 
lished. This survey was the first of those which have been cre- 
ated by Congress for the purpose of determining and recording 
scientifically the characteristics of the national domain. It was 
the work of Dr. Hayden, and all other national surveys have 
been of later origin and more or less similar in character. Those 
acquainted with the history of this great work, know the per- 
severing energy necessary for its successful establishment and 
conduct. Dr. Hayden's scientific investigations formed a 
nucleus from which sprung the noble scries of reports and mon- 
ographs of the survey. He is the founder of our knowledge of 
the geographical geology of North American from the eastern 
border of the plains to the Wasatch mountains, inclusive of the 
latter, thus covering the Rocky mountains from near the 
Canadian boundary to southern New Mexico. Subsequent ex- 
plorers have modified his work in details only, and have given 
it in some respects greater precision, but the grand outlines were 
first laid down by Hayden. Among his numerous discoveries, 
that of the Laramie formation is regarded as the rr.ost impor- 
tant, since it is of great extent in North America, and scarcely 
known in anv other continent. 

At the time of his earlier explorations the aboriginal popula- 
tion of the west was greater than it is now. Dr. Hayden had 
many adventures with the red men, but none resulted in bodily 
harm to himself. His occupation as a geologist excited their 
curiosity, which was generally satisfied by the conclusion that 
he was not entirely sane. The Sioux gave him the name of 
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*' The-man-\vho-picks-up-stones-running." On one occasion, 
while he was engaged in an exploration of the beds of the Lara- 
mie formation of the upper Missouri, he was chased by Indians 
for many miles. When at last they overtook him, they were 
surprised to find him armed only with the geologist's pick and 
hammer, and proceeded to search him. They examined the 
bags which he carried, and turned the fossil bones and shells 
which they contained out upon the ground. Finding nothing 
of value to them, they concluded that he was crazy, and left him 
without harm. 

llis reports of the exploration of the famous Yellowstone re- 
gion in 1870 and 1871 induced Congress to set apart by law as 
a national paik three thousand ^\q hundred and seventy-five 
square miles of the public domain, containing within its limits 
most of the geysers, hot springs, and other wonders of that 
region. 

Dr. Hay den's views were broad, and he possessed the true 
scientific instinct. This was perhaps mingled with more restless- 
ness and less patience than is desirable for the closet investi- 
gator, but this character admirably adapted him for pioneer 
work, and for the organization of investigation. As a collector 
he was unsurpassed, and the material he obtained was the basis 
of the work of many men, among whom may be especially 
mentioned. Meek, Leidy and Baird. Hayden's influence was 
second only to that of Baird's in securing for science the aid and 
recognition which it has received from the government of the 
United States. 

At the period of his greatest success Ilayden was always the 
same unpretentious and enthusiastic seeker for knowledge. He 
w as singularly free from sordid motives, and he left the service 
of the government a poor man. The most prominent features 
of his character were; restless activity, ambition to accomplish 
a useful career, love of scientific truth, sympathy for unpreten- 
tious merit, and a certain flexibilitv of character which enabled 
him to adapt himself to his environment more readily than is 
possible to many men. His chiirity was lavish, and his affability 
was unbounded. These characteristics sometimes led persons 
but superficially acquainted with him to undervalue his merits; 
but those who knew the place he filled in the economy of Amer- 
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ican science found these traits more attractive than official for- 
mality or self-conscious importance. 

He married Miss Emma Woodruff, of Philadelphia, who sur- 
vives him. He left no children. 
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Murray's theory of the formation of barrier reefs 

vVXD coral islands. 

The Duke of Argyll's paper, A Great Lesson^ published in 
the Nineteenth Century for September, and in the Popular 
Scietice Alonthly for December, 1887, brings once more into 
prominence Mr. Murray's explanation of the phenomena of 
barrier reefs and coral islands. For fifty years the explanation 
of the phenomena, offered by Charles Darwin, has held its place 
in the scientific world. Darwin's theory postulates a sudsidence 
in the Pacific region equal, or approximately equal, to the 
soundings just outside the reefs, the rate of subsidence being 
not greater than the vertical rate of reef accumulation. It is on 
all hands admitted to be a fact that reef-makin<j corals cannot 
grow at depths greater than twenty or thirty fathoms. Some 
of the reefs of the Pacific seem to come up from depths of more 
than two himdred fathoms, and hence it was assumed that, 
when the corals established themselves in the region, the depth 
of the floor on which the reef foundations are laid must have 
been very much less than at present. Even on the land side of 
barrier reefs the depth of the water is often so great as to be 
far beyond the limits at which reef -building corals grow. The 
distance of barrier reefs from the shore varies within wide 
limits; fifteen, twenty, and even in some instances, seventy 
miles of open channel intervening. According to Darwin the 
growth of corals is vertical and the reef-foundations are neces- 
sarily laid in shallow water near shore; hence all this space 
between shore and reef, whatever its width, stretching away 
along the coast sometimes for hundreds of miles, — often com- 
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pletely encircling small islands, — represents so much land that 
has been carried by subsidence beneath the level of the sea. 
Out in mid Pacific again are smaller reefs similar in all respects 
to reefs that encircle the smaller islands, but in place of an 
island each reef surrounds a lagoon or basin of clear, quiet sea- 
water. These are the atolls or coral islands proper. Darwin's 
explanation is familiar to all. The corals laid the foundations 
of the reef around the skirts of an island, but the island has 
disappeared as a result of subsidence, and its place is now occu- 
pied by the enclosed lagoon. Moreover, the lagoon would 
represent approximately the area of the lost island. Such, in 
brief, are the explanations proposed by Darwin, and such have 
been the teachings of geology for nearly fifty years. 

The theory of Murray that, according to Argyll, must now 
supplant the teachings of Darwin, is based on observations 
made during the voyage of the Challenger. It requires no 
subsidence. The phenomena, according to Murray, would be 
the same whether the area were stationary or even slowly ris- 
ing. Without going into every detail, the explanation would 
be something like this: Other conditions being favorable, 
corals will establish themselves over the sea bottom, along 
shores, out to the twenty or thirty fathom limit. The outer- 
most colonics, however, have an advantage in respect to the 
food and oxygen brought by the waves. Along the outer limit 
colonics are therefore more numerous, and at the same time 
more vigorous, and the reef rises more rapidly than elsewhere. 
The animals on the outer zone exhaust the sea water of its sup- 
plies and the colonies on the inside of the upward growing rim 
necessarily perish. During the upward growth of the reef 
fragments, through the action of waves, driftwood and other 
agencies are continually breaking off from the fragile, branch- 
ing colonies, and falling down on the seaward side. A talus is 
thus formed, which, as soon as it reaches the proper hight, 
is seized as a foundation on which new colonies establish them- 
selves. The new foundation affords special advantages in the 
matter of nourishment; the seaward colonies thrive while 
those situated on the inner margin being placed at increasing 
disadvantage, languish and finally perish. In this way, accord- 
ing to Murray, coral reefs are continually advancing seaward. 
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The dead coral on the inner portion of the reef is attacked by 
the solvent action of the sea water and slowly removed. 

Deep-sea corals, mollusks, sea-urchins or other agents may 
assist in building up the foundations on which the reef pro- 
gresses outward, but the principal source of the material must 
be fragments broken from the reef itself. 

Atolls are explained by the fact that shoals often exist in 
mid-ocean at depths not incompatible with the growth of reef- 
building corals. Corals taking possession of such shoals must 
of necessity construct annular reefs, and the reef once estab- 
lished will grow outward so as to embrace an ever widening 
area. Solvent action, working upon the dead corals in the 
rear, causes the dimensions of the old lagoon to keep pace with 
the widening circle of growing coral. 

There is nothing incompatible with known phenomena in 
the theory either of Darwin or of Murray. Scientists, not- 
withstanding the absurd charge of the Duke of Argyll, will 
concern themselves only with ascertaining which corresponds 
most nearly to the facts. Dana, who has traversed the Pacific 
region and made personal observations of all the phenomena, 
presents in his work on Corals and Coral Islands, numerous 
evidences of subsidence, strongly corroborative of Darwin's ex- 
planations. Geike, in his recently prepared text book on ge- 
ology, states Murray's theory fairly, yet seems to place 
unshaken confidence in the theory of Darwin. 

The magnitude of the operations involved and the length of 

time demanded by Murrav's theorv are certainlv startlinjj. Im- 

agine a barrier reef, seventy miles from shore and coming up 

from a depth of 1200 or 1500 feet. The reef began near shore. 

Little by little it has crept seaward on a foundation of its own 

fragments. Every inch of progress required the growth and 

destruction of enough coral to build up a foundation from the 

bottom to within twenty' or thirty fathoms of the surface. At 

first the depth was not great and the foundations could be easily 

laid, but during the later history of the reef seaward progress 

must have been inconceivably slow. The amount of calcareous 

matter actually secreted by living coiaN, according to Murray's 

view, was sufficient to solidly fill all the space between the shore 

and the reef. Remember too that corals were not working 
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over all the area at once; that only a comparatively narrow belt 
is occupied by living corals at any given time, an<l hence suc- 
cessive, narrow, parallel areas of the entire region had to be 
conquered and filled up one after another. The amount of 
calcareous matter dissolved and carried away falls hut little short 
of the amount secreted. The operations, furthermore, arc not 
only of stupendous magnitude, but they certainly increase im- 
measurably our conceptions of the length of the modern geolog- 
ical period. Here are species and here also are conditions that 
must have remained practically unchanged since the operations, 
began. 

As we said before, geologists and scientists generally will 
content themselves with one question. Is the theory in accord 
with demonstrable facts ? 

ON THE CHERT OF THE UPPER COAl, MEASURES IX MONT- 

(JOMERV COUNTY, IOWA. 

The discussion of the organic origin of chert, by Dr. G. J. 
Hinde, in the Geological Magazine for October, 1887, suggest- 
ed the propriety of re-examining the chert in the Upper Coal 
Measures of Iowa. The chert is particularly abundant in the 
Upper Carboniferous limestones of Montgomery county, the 
geological horizon being about the same as that at which Dr. 
Hinde procured his specimens in Ireland, North Wales and 
Yorkshire. The chert from the Carboniferous limestones of 
Great Britain and Ireland proves to be composed largely of 
sponge spicules, practically unchanged, and Dr. Ilinde con- 
cludes that it is not a pseudomorph that has taken the place of 
calcareous matter. Occasionally fragments of crinoids, chang- 
ed to silica, are found in the British Carboniferous chert, but no 
foraminifera were observed. 

The Iowa Carboniferous chert differs from that examined by 
Dr. Hinde in being often crowded full of shells of foraminifers 
belonging to the species Pusnlhia cylindrica. These shells 
are all completely silicified, and, at least to the extent that they 
make up the mass, the Iowa chert is pseudomorphic. Micro- 
scopic sections were prepared and carefully examined, but no 
indications of spt)nge spicules were detected. Examination 
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with the polariscopc shows the structure to be non-crystalline. 
Prof. Hitchcock, to whom specimens were referred by Dr. 
Andrews director of the chemical laboratory of the University 
of Iowa, finds a considerable portion of the chert to consist of 
"soluble silica." All silica, however, is soluble under certain 
conditions; and all the facts at present in our possession, point 
to the conclusion that the chert in the Upper Coal Measures of 
Iowa was deposited from the solution in sea-water after the 
limestone beds, with their multitudes of Pusidlna shells, had 
been laid down. The process was one of pseudomorphism. 
Something, we cannot tell what, determined that at certain 
points in the limestone beds the percolating waters, charged 
with silica, took into solution the more soluble calcic carbonate 
and deposited an equivalent amount of silica in its place. Each 
such point became a center around which the process of ex- 
change proceeded, until masses of chert varying in shape and 
in dimensions from a fraction of an inch to more than a foot in 
diameter were formed. The sedimentary particles of the lime- 
stone and the calcareous shells of Fusulina were involved in a 
common process. 

THE NEW (iEOLOGICAL MAP OF EUKOI'E. 

We would like to emphasize the request of Dr. Frazer, sec- 
retary of the American committee of the International Congress 
of Geologists, that American geologists should enable him to 
report the entire subscription of 100 copies of the geological 
map of Europe now being constructed by the International 
Congress. All institutions in which geology is taught in the 
progressive methods and spirit of the day will subscribe for it, 
and all others are earnestlv advised to. 

BULLETIN OF DEMSON UNIVERSITY. 

We have received the bulletin of the scientific laboratories 
of Denison University at Granville, Ohio. This is the sec- 
ond volume, and is brought out under the joint superinten- 
dence of Profs. Ilerrick and Cole. It opens with a sketch of 
the geological history of Licking county, Ohio. This is fol- 
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lowed l>y a long list of fossils, with descriptions, from Flint 
Ridge, and amply illustrated. An appendix consists of a sum- 
mary of the Carboniferous trilobites and the description of a 
species which is identilied with Proctus missouricnsis of 
Shumard, but which the author of the paper has removed to 
the genus Phillipsia, and has re-named P, ShumardL Another 
appendix treats of the bryozoans of Flint Ridge and contains 
reprinted der^criptions of the species hitherto found at that 
locality with several original ones by August Foerste. 

Next follows the second part of a monograph on the Clinton 
group of Ohio, with descriptions, reprinted and original, of the 
fossils thus far identified bv the writer. Mr. Foerste's contri- 
bution to the palaeontology of the state in this monograph bids 
fair to be of great value to those who desire to see some progress 
made in the studv of Ohio fossils. 

In a different direction is the paper on the determination of 
the horizontal component of the Earth's magnetic force by L. 
E. Akins. This is a repetition of the method in use in the 
University of Glasgow and makes no pretension to originality. 
Such work is however near enough to geology to be included 
in this notice. 

Part II contains an account of the investigations carried on 
bv Prof. Herrick and two members of his class on the shores of 
lake Superior during the past summer (1886). They are 
•chiefly lithological and give details of the examination of the 
azoic rocks in the neighbourhood of Michipicoten bay. This 
work involves the preparation of numerous thin sections of the 
rocks in (jucstion and of the slides thus obtained many go<Kl 
figures are given. 

The rest of this part is made up of an additional contribution 
to the geology of Licking county and a third installment of Mr. 
Foerste's monograph on the Clinton group. 

Our limits do not permit a longer notice. It is only fair to 
sav in conclusion that the volume is exceedinglv creditable to 
its authors and that it will be well for the cause of true scientific 
education in Ohio when our colleges produce more of such work. 
True mental development comes from this and not from ever 
so thorough and tedious an acquisition of the results of the labors 
of others. 
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We regret to learn that the expense of this work has been so 
largely borne by at least one of the authors, and hope the dav 
will come when original investigation will be regarded as part 
of the duty of every professor of science and that he will be 
enableil to do it by the possession of leisure and the necessarv 
histruments. 

We must add in conclusion that the work is amplv, we mav 
say profusely, illustrated and that the illustrations are good. It 
may be obtained from the authors at Granville, Ohio. 



RKVIKW OF RECHNT GHOLOGICAL LITHRATURli. 



Is there a Iluromau Groups By R. 1). Irving. (Am. Jour, of Sci., 
vol. xxxiv, Sept., Oct., Nov., 1887). In this well written paper we 
have evidently the fruits of careful and laborious study. All the 
statements and inferences are based on an extensjive series of patient and 
painstakjng observations made in the field. 

The author uses the term group in accordance with the system of 
nomenclature proposed by the director of the United States geological 
survey. According to this s^-stem the term group would include all the 
sedimentary deposits of such a division of geological time a»> has, by 
common consent of geologists, been called an age. Thus we have a 
Carboniferous age, a Devonian age, a Silurian age, etc., and the stratified 
sediments that accumulated during the three ages give us the correspond- 
ing Carboniferous, Devonian and Silurian groups. 

Using the term group as thus defined, and limiting the observations 
first of all to the original or typical Huronian as ''mapped by Logan on 
plate three of the atlas to the Geology of Canada, 1863," the author pro- 
ceeds to answer the inquiry whether "there can be carved off of the 
upper portion of the great complex which has been called Archaean, 
a series of Huronian rocks: a series entitled -by structural and 
genetic separateness, by clastic origin, by largeness of volume, and by 
the being made up by subordinate divisions of the formation rank — to 
the rank of a group, i. e., to a rank equal in classificatory value to the 
Cambrian, Silurian, etc." The results of the author's observations lead 
him to return an affirmative answer to the inquiry, and he therefore pro- 
poses to establish a Huronian group that shall have the same rank as the 
Cambrian, Silurian, Devonin or Carboniferous. 

Some of the facts presented and conclusions arrived at in the paper 
are best expressed in the words of the author^ synopsis of its contents. 

''Throughout the region stretching from the north shore of lake Huron 
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westward to the Mississippi river, in central Minnesota, there is recog- 
nizable the following order of succession, beginning below: 

"(i) The great basement or Laurentian complex of gneiss, granite 
and crystalline schists; as to whose further divisibility no opinion is now 
offered. This is separated by a great discordance from 

'*(2) The Huronian, a detrital iron-bearing series. A further discord- 
ance severs this from 

**(3) The Keweenaw an series of interleaved detrital and eruptive 
beds. This series again is entitled to the group rank. Above the Ke- 
weenaw series, and separated from it by yet a third great discordance, 

"(4) The Potsdtim^ or Upper Cambrian sandstone." 

Professor Irving proposes to limit the term Archaean to the crystal- 
line rocks below the Huronian. The Huronian and Keweenawan 
groups, together with any other groups now known, or hereafter discov- 
ered, to lie between Archaean and lower Palaeozoic, or Cambrian, he 
would erect into a system^ equivalent in rank to the Palaeozoic or Meso- 
zoic systems; and to this new system he proposes to apply the appropri- 
ate non-committal Agnotozoic^ a term first proposed by president T. C. 
Chamberlin. 

Sand-houldcrs in the drifts or sub-aquvous origin of the drift in central 
Missouri. By J. W. Si»encer. (American Naturalist, vol. xxi, October, 
1887.) This is the paper read by professor Spencer before the New 
York meeting of the American Association. The sand-boulders describ- 
ed were found in the surface deposits at Columbia, Missouri, within a 
few miles of the 39th parallel of latitude. Columbia is the seat of the 
state university of Missouri, and it was in making excavations for 
foundations of new buildings at the university that sand-boulders were 
exposed. 

The sand-boulders are masses of coarse sand, varying greatly in size, 
the largest one mentioned being thirty feet long and six feet thick. As 
in ordinary rock-boulders, the angles of the sand-boulders are rounded 
as if by attrition. They lie in fine clay containing but little sand, and 
are sharply defined from the surrounding matrix. Planes of stratifica- 
tion show that the masses of sand were derived from some sub-aqueous 
deposit; and the stratification of the clay in which they are imbedded, 
leads the author to conclude that it too is subaqueous. Professor Spen- 
cer suggests that " these deposits were probably made in a shallow arm 
of the sea, cut off by the Ozark ridge rising a few hundred feet higher; 
yet the waters may have been either brackish or even fresher — as the 
gulf of Obi today, owing to the amount of fresh water pouring into it; 
and not to a glacial lake." 

We are to conceive of a condition of things in central Missouri similar 
to what now obtains along sandy shores, particularly in shallow bays 
north of the arctic circle. During the cold winters floe-ice formed 
around the margins of this " arm of the sea," and into the lower surface 
of the floe, the stratified sand was frozen to a depth of several feet. In 
the spring the sand and ice, incorporated into one mass by the agency of 
frost, wa^ broken up and floated away ; the frozen sand, losing its angles 
and overcoming the buoyancy of the ice, as the latter was diminished 
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by melting, Riettled to the bottom to be covered up by layers of fine clay. 
Torrents from melting glaciers, coming down from the land areas to the 
north, were the bearers of the material composing the stratified clay. 

Usually the sand-boulders lie horizontally, but occasionally they are 
found thrown upon their edges. Sometimes they show signs of having 
been jammed and broken as if in an ice-pack. 

The facts are significant and reveal a state of things that we have 
every reason to believe was repeated whenever there were bodies of 
water contiguous to the southern limits of the great glacier. 

On the orjranic origin of the chert in the Carboniferous limestone series of 
Ireland and its similarity to that in tfie cor responding strata in North Wales 
and Yorkshire, By Dr. George J. IIinde. (Geological Magazine, De- 
cade III, vol. iv, October, 1887). This paper was read before the British 
Association at its Manchester meeting last summer. It is a continua- 
tion of the discussion relating to the Carboniferous chert, begun by 
Messrs. Hull and Ilardman, in a joint paper published in the scientific 
transactions of the Royal Dublin Society, 1878. 

Messrs. Hull and Hardman, after chemical and microscopic examina- 
tion of the chert from ihc Carboniferous rocks of Ireland, reached the 
conclusion that the chert was of inorganic origin, that the silica, held in 
solution in percolating water, replaced portions of the limestone by a 
process of pseudomorphism, and that there was absolutely no evidence 
that the chert originated directly or indirectly in such organic products 
as sponge spicules, diatoms or polycistines. 

Prof. Sollas in 1881 re-examined some of the microscopic sections pre- 
pared by Prof. Hull in the course of his investigation, and pronounced 
certain rod-like or tube-like structures that Prof. Hull seems to have 
taken for minute crinoid stems, to be nothing but spicules of sponges. 
Dr. Hinde visited numerous localities in Ireland for the purpose of exam- 
ining and collecting Carboniferous chert. Among others the typical 
localities from which Prof. HulPs material had been derived, were ex- 
amined and specimens secured. Microscopic sections were prepared 
from specimens from every locality visited, with the result that sponge 
spicules were more or less conspicuous in every section. Ordinarily the 
rock is crowded full of spicules. Fragments of brachiopod and entomos- 
tracan shells and a few crinoid plates were detected, but no foraminifera. 

Respecting the chert from the Carboniferous strata of North Wales 
and Yorkshire Dr. Hinde points out that in all essential features, litho- 
logically and chemically, it is identical with the Irish Carboniferous 
chert, and then adds: "The organic nature of the English and Welsh 
Carboniferous chert, as produced from sponge-remains, is far more 
distinctly shown than in the case of the Irish beds, for the spicules are 
much better preserved, and the beds have been less altered by fossil- 
ization.'* 

The profusion of sponges during the later Carboniferous, in the area 
now occupied by Great Britain and Ireland may be inferred in the 
statement that "In some of the Yorkshire areas there are beds of chert 
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1 8 feet in thickness, without a break, and in North Wales there is a con- 
tinuous series 350 feet in thickness, without the intervention of lime- 
stones. 

[See editorial note on the Carboniferous chert of Iowa on another 
page of the present number of the Geologist.] 

Annual report of the department of mincs^ New South Wales. By Harrie 
Wood, Under Secretary of Mines. (A Government document of New 
South Wales, Sydney, 18S7.) This volume contains the administration 
and progress reports of the department, including those of the geological 
survey, and statistics of all mining operations in the colony. Mr. C. S. 
Wilkinson, the geologist in charge, announces the discovery of fossils of 
the Triassic (thoracic plates of Mastodoftsaurns) and of a large fossil 
shell, from the Hawksbury sandstone. The latter is figured and named 
by Mr. Robert Etheridge, jun., TremanotHs maideni. It has a resem- 
blance to Tremanotus alpheus Hall, from the Niagara group. 

Geology of the Vegetable creek tin-mining fields New England dis- 
trict^ New South Wales; quarto^ with maps and sections. By T. W. Edge- 
worth David. (A publication of the geological survey of New South 
Wales, Sydney ; C. S. Wilkinson, geological surveyor in charge.) The 
discovery of tin in New South Wales was first announced by Rev. W. 
B. Clarke, in 1849. In 1885 the output of tin amounted to 2,505 tons. 
Continued prospecting of surface tin gravels led on by degrees to the 
discovery of the tin veins. The shallow workings produced their largest 
yield in 1881, since which time their productiveness has constantly de, 
clined. The "deep leads" which were first worked in 1883, now yield far 
more ore than the shallow gravels, and will probably continue to form a 
valuable source of stream tin for manv vears to come. The tin veins 
have not yet been fairly tested, and it would be premature to predict 
their value and permanence. The age of the "deep leads" is regarded 
as early Tertiary, determined by fossil plants identified by Baron von 
Kttingshausen. The age of the intrusive tin-bearing granites is thought 
to be Permian. No granites in the colony have appreciably disturbed 
the Triassic rocks, whereas there are intrusive granites newer than 
the Carboniferous. The age of the granites is, however, not regarded 
as well established. Laterite is classed with basalt. It is found to be 
most largely developed near the highest points of the sheets of lava, but 
it varies in structure and composition, some specimens being more allied 
to a sedimentary formation than to a volcanic. The paleozoic rocks are 
considered Upper Silurian. 

Preliminary paper on the drift less area of the upper Mississippi valley. 
By T. C. Chamberlix and R. D. Salisbury. Pages 190-322; plates 
xxiii-xxix. (Accompanying the sixth annual report of the director of 
the United States geological survey.) 

I'nder the thorough and fruitful discussions of this paper, the driftless 
area and its environs contribute much to our knowledge of the ice age, 
especially in regard to the preglacial topography and surface deposits, 
glacial planation and the average thickness of the drift, relative age of 
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its different portions adjoining the driftless area, conditions attending 
the deposition of the loess, the influence of gravitation toward the ice- 
sheet to change the levels of lakes and the rate of descent of streajns, 
and the elevation of the district during the chief interglacial epoch. No 
brief review can even mention the many directions in which important 
researches have been made by the authors in this work. 

The driftless area, lying chiefly in southwestern Wisconsin, but in- 
cluding also the northwest corner of Illinois, and reaching 10 to 40 miles 
west of the Mississippi into northeastern Iowa and southwestern Minne-. 
sota, has an extent of 200 miles from north to south and a width of 
about 100 miles. Thence east to the Atlantic, north to the Arctic ocean, 
and northwest to the Pacific, the continent is overspread by the glacial 
drift, which also covers a width of 340 miles on the west and about 225 
miles in its narrowest portion on the south. Cambrian and Silurian 
formations of sandstone, limestone and shale extend from the driftless 
to the adjoining drift-covered country, which also are nearly alike in 
their average hight. The driftless area therefore, with no till, boulders, 
nor effects of giaciation, such as are found on all sides of it, must be 
nearly the same in its contour and superficial deposits as the surrounding 
region was before the glacial period. 

The most noteworthy element in the contour of the driftless area is its 
isolated cliffs of the nearly horizontal limestone and sandstone strata, 
spared in the process of suba^rial erosion, and standing forth like castles, 
towers, and pillars. In many places the valleys of streams are bordered 
by similarly precipitous walls of rock. The Mississippi has cut a valley 
300 to 600 feet deep and from one to seven miles wide; and the valley of 
the Wisconsin river averages 375 feet in depth and three miles in width. 
Concerning the time when this sculpturing of the surface was effected, 
the authors conclude that the driftless area was a low lying tract until 
the Tertiary age, and hence was subject to but slow and slight erosion^ 
and that much of it was accomplished so late as the closing stages of the 
Tertiary age and the transition period to the glacial epoch. 

On the greater part of the driftless area east of the Mississippi the sur- 
face deposit is residuary earth, mostly very fine clay, left from the 
erosion of the overlying strata. Its average depth is about seven feet, 
being far less than the average thickness of the drift upon the surround- 
ing region. On the part of the driftless area west of the Mississippi and 
that closely bordering this river on its east side, the residuary earth is 
overspread by loess, a fine silt of glacial origin, deposited in a lake or 
broad river with very slow current, which was continuous southward, as 
shown by the extension of the loess, to the lower part of the Mississippi 
▼alley. The authors find no reason to believe that a lake, such as might 
be attributable to the barrier of the ice-sheet confluent on the south, 
covered the whole of the driftless area during any considerable time. 

The drift immediately adjoining the driftless area presents three 
phases, similar to those which characterize the southern border of the 
great drift sheet of the continent. On the east the Kettle moraine, ris- 
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ing in conspicuous hills and ridges, forms the boundary along a distance 
of about eighty miles; on the northeastern and northern sides of the 
driftless area its boundary is a drift sheet gradually attenuated and 
terminating in a thin edge instead of a ridged moraine; and on the west 
border there is a tract over which there are only scattered drift pebbles, 
succeeded westward by such an attenuated drift sheet. The morainic 
border belongs to the later part of the glacial period, when the streams 
of the driftless area had slopes similar to those of the present time, so 
that beds of gravel and sand, washed from the melting ice-sheet, were 
deposited along their valleys. The glacial Hood-plains have been mostly 
removed by post-glacial erosion; and their remnants form terraces at 
bights from 50 to 100 feet above the Mississippi, Wisconsin and Chip- 
pewa rivers. 

Grand topograj)hic features of the region north and east of the drift- 
less area, where the Keweenawan range of highland rises between the 
deep basins of lakes Superioi and Michigan, are considered the chief 
cause of the exemption of this region from glaciation, as had been 
pointed out by Prof. N. II. Winchell and Prof. Irving, 

From their study of the driftless area and the bordering drift, the 
authors deduce the following sequence of events in the glacial period. '^ 

1. The ice-sheet in its maximum extent reached from the north 
around both sides of the driftless area and coalesced south of it. To 
this stage is referred the attenuated drift sheet which forms the border 
on the southeastern and northern sides of the area, and also the pebbly 
border on its west side, which reaches bevond the attenuated drift there 
and seems to be due to floating ice in a marginal lake. 

2. Recession of the ice-sheet permitted the growth of trees and the 
formation of peat-bogs. 

3. By a re-advance of the ice, a mantle of till deeper than the earlier 
one was deposited, burying trees and peat beneath it; and the loess was 
washed down from the melting ice-fields into a lake-like river upon 
their border. 

4. A long period of freedom from glaciation appears to have followed 
the epoch of the deposition of the second till and loess, involving ex- 
tensive erosion and the lifting of the upper jwrtion of the Mississippi 
basin to the extent of 800 to i,txx> feet. The evidence of this is found in 
the low altitude and gentle slopes which must have prevailed when the 
loess was deposited along the great streams from Nebraska to Indiana 
and southward to the Cnilf; and in the higher elevation which mfide it 
j)Ossible for the later glacial streams to fiow with rapid, pebble-carrying 
currents at altitudes 700 feet below the summit of the loess. 

5. Following this chief interglacial epoch came the incursion of ice 
which pushed up at its edge the Kettle moraine and sent coursing down 
through the valleys its gravel-bearing streams, filling them and spread- 
ing out broad fiood-plains. 

6. There closelv followed a succession of stajjes of retreat of the ice- 
sheet, interrupted by times of halt and partial re-advance. 
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7. Subsequent to the cessation of the glacial floods, the streams 
carved the flood-plains into terraces. 

(i) Fulgurite from Mt. ThielsoUy Oregon By J. S. Diller. (From the 
American Journal of Science, Oct. 1884.) 

(2) Peridctyic of Elliot county ^ Kentucfy, By J. S. Diller. (Bulletin 
No. 38 of the U. S. geological survey.) 

(3) Notes on the geology of northern California, By J. S. Diller. (Bul- 
letin No. 33 of the U. S. geological survey.) 

(4) The latest volcanic eruption in northern California^ and its peculiar lava. 
By J. S. Diller. (From the American Journal of Science, Jan., 1887.) 

In (i) the peculiar product of lightning on a mountain peak of hyper- 
aithene-basalt is analyzed both chemically and microscopically. The ful- 
gurite is formed by the fusion of the groundmass of the rock. A trans- 
verse section through the wall of the glassy tube revealed under the 
microscope three bands of varying effect of fusion. The inner band, the 
most perfect fulgurite, a light coffee-brown glass, was cooled so suddenly 
that it exhibits an entire absence of all crystallites and microlites, a char- 
acter which the author thinks may serve to distinguish it from other 
natural glasses such as hyalomelane and obsidian. In the central belt a 
fluidal banding parallel to the length of the tube is apparent, in which 
are preserved more or less evident remnants of the original crystals of 
the basalt. The third belt consists of the unaltered rock. 

In the description of the Kentucky peridotyte Mr. Diller gives the 
mineral composition and structure, its relations and origin, its chemical 
composition and its age. He concludes that it is closely related to 
dunyte, such as occurs in North Carolina. It contains olivine in well 
defined crystals, pyrope and ilmenite, the former with a flbrous border of 
secondary biotite. The />livine is much changed to serpentine. The 
dike occurs in rocks of Carboniferous age, of which it includes frag- 
ments, and from which it has received endomorphic effects in the form 
of a sphxrolitic structure. Mr. Diller*s flrst account of this peridotyte 
appeared in the Am. Jour. Sci., Aug., 1886. 

In bulletin No. 33 are brought out some important generalizations re- 
specting the Coast and Sierra Nevada ranges in northern California, viz: 
(a) The limestone among the metamorphic rocks of the Coast and Sierra 
Nevada ranges is of Carboniferous age. (b) The northern portion of the 
Sierra Nevada range, like that of the great basin, is composed of tilted 
orographic blocks separated from one another by great faults, (c) The 
greater portion of the range is formed by one of these blocks, with a 
short abrupt slope toward the ^reat basin, and a long gentle slope in the 
opposite direction, (d) The displacements by which the Sierra Nevada 
range was separated from the great basin probably began about the close 
of the Tertiary, and may be yet in progress, (e) A large portion of the 
auriferous slate series is apparently older than the Carboniferous lime- 
stone, (f) During the Chico epoch a large part of the region now occu- 
pied by the Coast range was an island, separated by a wide strait from 
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the continental mass to which the Sierra Nevada range belonged, which 
strait has since been filled by the lavas of the Lassen's peak volcanic 
ridge, (g) As far as is definitely known the Cascade range was not rep- 
resented by a ridge of metamorphic rocks corresponding to the Sierra 
and Coast ranges, but belongs rather to the great volcanic field which 
now occupies the area once depressed between the Cretacean island and 
the continent. These conclusions are based on the field-work of three 
seasons under the general supervision of Capt. C. E. Dutton, who states 
that he is entirely in accord with Mr. Diller's results. 

The great ** cinder cone," near Snag lake, about ten miles northeast 
of Lassen's peak in northern California is the seat of the latest volcanic 
eruption in that region. It rises 620 feet above the lowest portion of its 
base, rising at an angle of 30° to 35° and consists of small scoria and 
lapilli. The lava field surrounding it extends over about three square 
miles and consists of rough blocks of quartz-basalt in which Mr. Diller 
considers the quartz to have originated in the magma itself. The field 
of volcanic ashes extends beyond the lava field from ten to twelve miles 
in all directions and sustains the heaviest pine forests. At a quarter of 
a mile from the "cinder cone " the layer of ashes was found seven feet 
thick. This gradually thins out to the border of the field. There are 
numerous dead trunks of pine that rise from the underlying original 
soil through the ash layer, evidently killed at the time of the eruption. 
The ash and the cinder cone are considered products of the same erup- 
tion and somewhat older than the quartz-basalt with which they are 
associated. 

Ovibos caxnfrons from the Loess of lo^va. By W. J. McGee. (Am. 
Journal of Science, vol. xxxiv, Sept., 1887). Mr. McGee's paper relates 
to a specimen of the extinct musk-ox of Nc^rth America, which wa^^ 
found during the summer of 1887, in loess deposits at Council Bluffs, 
Iowa. The "find" consisted of a very perfect cranium with horn-cores 
complete, and a portion of the superior molars still in place, half the 
lower jaw, the atlas and portions of other vertebrae, one femur, and a 
number of other bones more or less fragmentary. All these specimens'; 
are now in the cabinet of the State University of Iowa. 

Specimens of Ovibos cavifrons were previously known from Fort Gib- 
son, Ind. Ten, St. Louis, New Madrid and Benton Co., Missouri, Trum- 
bull Co., Ohio, Big Bone Lick, Ky., and (probably) "the frozen cliffs of 
Eschscholtz bay." 

The Ovibos cavifrons resembles structurally its northern congener, Oznbos 
moschatus^ and its habits were undoubtedly very similar. Leidy expresses 
the opinion that it was clothed with a long fleece. The Council Bluffs 
discovery is therefore significant for two reasons. First, "it adds an 
important link to the already strong chain of evidence as to to the cli- 
mate of the loess period ;" and second, " it greatly extends the applica- 
bility of cavifrons as a criterion for correlating deposits of widely diverse 
genesis in widely separated localities." 
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The author enumerates the palaeontologic evidence of refrigeration 
during the loess period, and regards the Council Bluffs specimens ais 
affording the strongest possible support to the evidence previously accu- 
mulated. The New Madrid specimen of cavifrons was from the Port 
Hudson beds of Hilgard, a peculiar deposit found below the mouth of 
the Ohio and indicative of submergence of the lower Mississippi valley^ 
The Fort Gibson specimen comes from "a puzzling superficial deposit 
found in Missouri, Kansas, Indian territory, eastern Texas, and Arkan^ 
sas, which seems to be a slack-water deposit laifl down in the water 
ways of the region during the Port Hudson submergence." The Ken- 
tuckv specimen comes from just beyond the margin of the drift region, 
while the specimens from Council Bluffs are found well within the gla^ 
ciated area. 

During the culmination of the glacial conditions of the drift period it 
would seem that an arctic fauna, embracing the musk-ox, reindeer, hairy 
elephant and other northern species, was forced as far south as the lati- 
tude of Arkansas and the Indian territorv. 

Sixth annual report of the state geologist^ far tkt year 1886, Transmitted 
to the Legislature March /, 1887. By Prof. James Hall. This is a 
pamphlet of 70 pages, illustrated by eight plates and two maps. There 
are two papers by S. G. Williams — one on the Lower Helderberg rochs of 
Cayuga lake^ and the other on the Tully limestone^ its distribution and its 
hnown fossils, A map illustrating the distribution of the Tully limestone 
in central New York, accompanies the second paper. 

A paper on Annelid teeth from the louver portion of the Hamilton group 
and from the Naples shales of Ontario county^ N. T.y is by J. M. Clarke^ 
and constitutes a valuable supplement to the work done by Dr. Hinde 
in the determination of the oral armature of the so-called Conodonts^ 
The difficulties attending the specific determination of these minute 
fossils are fully recognized ; and timely warning is given to the effect 
that ** only in the correlated teeth of the opposite sides of a given jaw is 
there any marked similarity, while the different pairs and the unpaired 
or radular teeth, constituting the masticatory apparatus, widely vary," — 
a warning that we trust will be heeded by our altogether too industri- 
ous species makers. The'paper is illustrated by a plate containing twenty- 
nine figures of those curious and interesting forms. 

There is a notice of the discovery of a fossil tusk belonging, probably, 
to the skeleton of a young elephant; a note and map on the distribution 
of the Dictyospongida^ and a note on the discovery of an elk in the town 
of Farmington, Ontario county. 

The longest paper in the report, by Prof. James Hall, embraces des- 
criptions of Fenestellidce of the Hamilton groups of New 7'orh, The paper 
is accompanied by seven plates, and describes and illustrates a number 
of species of the genus Fenestella. The recently issued sixth volume 
of the Palsontology of New York, on account of the limitations placed 
upon the number of plates it could contain, does not embrace the Fen- 
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estellidig of the Flamilton, and hence, the species described in this report 
are not included among the species contained in that volume. 

It would seem as if the stock of specific names was running low when 
an author as fertile in invention as professor HaU is conapelled to use 
names for two distinct species, so similar in sound as FenesteUa quadran- 
gularis^ an Upper Heiderberg form, and F. qucidrangula^ a species from 
the Hamilton. FenesteUa perundata and F. ferundnlata^ are two others 
that are likely to be confusingly similar. 
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/. State and Goz^crntnent reports. 

Mineral resources of the United States. Calendar year 1886. David 
T. Day, 8vo., 813 pp., price 50c. U. S. Geol. Sur.^ Washington. 

Report on the progress of the Kentucky geological survey for the 
years 1886 and 1887. John R. Proctor. Royal octavo, 28 pp. Frankfort^ 
Kv. Robert Clarke and Co.^ Cincinnati, 

Annual report of the geological survey of Arkansas for 1887. John C. 
Branner. 8vo., 15 pp. Little Rock. 

Annual report of the geological survey of Pcnnsyh-ania for 1886. J. 
P. Lesley, state geologist. Part II. Report on the oil and gas regions* 
by John F. Carll. Report on the composition and fuel value of natural 
gas, by Francis C. Phillips. 8vo., 918 pp. Harrisburg. 

Geology and mining industry of Leadville, Colorado, with an atlas. 
Samuel Franklin Emmons. 4to., pp. 770; numerous plates and text il- 
lustrations. Monograph xii of the U. S. Geol. Sur.^ Washington. 

Sixth annual report of the state geologist, for the year 1886. James 
Hall. 8vo., pp. 70, and seven plates of fossils. Albany. 

Geological and Natural History survey of Minnesota; 15th annual re- 
port. N. H. Winchell. 8vo., pp. 496. Two coloted geological maps and 
numerous text illustrations of the structure of the crystalline rocks. St. 
Paul and Minneapolis, 

2. Proceedings of Scientific Societies. 

Transactions of the i8th and 19th sessions of the Kansas Academy of 
Science, 1885 and 1886. Vol. x. 8vo., pp. 154; illustrated. Topeka. 

J. Papers in scientific journals 

In the January No. of the American Journal of Science. The speed of 
propagation of the Charleston earthquake. Newcomb and Dutton. His- 
tory of changes in the Mt. Loa craters. Pt. I. Kilauea, Dana. The 
analysis and composition of tourmaline, Riggs. On the different types 
of the Devonian system in North America, Williams. On the law of 
double refraction in Iceland spar, Hastings. New genus of Sauropoda 
and other new dinosaurs from the Potomac formation. Marsh. Notice 
of a new fossil Sirenian from California, Marsh. 
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/• tkt Jitnuary No: of the Canadian Record of Science. The distribution 
and phjfsical and past geological relations of British North American 
plants, Drummaud, On the basal series of Cambrian rocks in Acadia, 
Matthew. The prairies of Manitoba, Drummond. 

4. Excerpts and individual fublicatious. 

Note on fossil woods and other plant remains from the Cretaceous and 
Laramie formations of the western territories of Canada. Sir William 
Dawson. Read May 25, 1887. Trans, of the Roy. Soc.^ Canada.] 

Irrigation in Nebraska. Lewis E. Plicks. Bulletin of the Agr. Exfer, 
Sta. of Nebrasha. 

Preglacial man in Ohio. G. Frederick Wright. Fort Hill, Ohio, \\. 
W. Overman. Reprints from the Ohio Archaeological and Historical qnar- 
terly^ Dec.^ t88y. 

Section of the lower Devonian and upper Silurian strata in central 
New York, as shown by a deep well at Morrisville. Charles S. Prosser, 
Proceedings of the A.A.A.S.^ tSSf. 

The upper Hamilton of Chenango and Otsego counties, N. Y. Charles 
S. Prosser. From the proceedings of the A. A. A. 5"., 1887. 

The construction of maps in relief; illustrated. John H. and Ed. B. 
Harden. Trans. Am. Inst, mining engineers^ y^^iy^ t88y. 

On the discovery of a fossil bird-track in the Dakota sandstone. Prof. 
F. H. Snow. Trans. Kam. Acad, of Science^ vol. x. 

5 Foreign publications. 

Geology and Petrology of St. Abb's Head. Prof. J. Geike. Proceed- 
ings of the Royal Society of Edinburgh. 

Annual report of the department of min^s, New South Wales, for the 
year 1886. Harrie Wood. Small folio; pp 206: geological maps and 
plates; reports of the geological surveyor, aud numerous subordinates. 
Sydney. 

Geology of the Vegetable creek tin-mining field, New England dis- 
trict. New South Wales, with maps and sections. T. W. Edgeworth Da- 
vid, under C. S. Wilkinson, geological surveyor in charge. 4to, pp, 169. 
Sydney. 
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Brown Hematite in Allamnhec county^ Iowa. I have several times this 
fall visited the "iron mine*' of Allamakee Co., and thinking that a brief 
description might be of interest to you, I write you this letter. 

This deposit of iron ore is located on sees. 17 and 20, township 98 north 
range 5 west, 5th P. M., about two and a half miles north of Waukon, 
the county seat of Allamakee Co. It lies on the divide between the 
Upper Iowa river on the north, and a small creek called Village creek on 
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the south. The larger part of the body of ore underlies n rounded hill 
or spur of the divide lying between two ravines tributary to the Village 
creek. The top of this hill at its highest point is slightly higher than 
the general level of the divide. As far as can be ascertained, the deposit 
has an area of about 300 acres and an average depth of thirty feet. The 
ore is a mass of concretionary brown hematite boulders, packed so closely 
as to form an almost solid ledge, the interstices and cavities being filled 
with a red ferruginous clay. 

This ore lies upon the undisturbed blue limestone which forms the 
lowest and oldest deposit of the Trenton epoch. I say undisturbed, for 
wherever a shaft has been sunk through the ore to the underlying lime- 
stone, it has invariably been found in its normal position of an almost 
dead level. I might remark here, that, although I have traveled over 
«very part of this country, I have never seen any fault or tilting of strata 
or any other indication in any of the formations exposed of an upheaval 
or disturbance of any kind. 

As the Trenton limestone thins out and disappears (in xMlamakee Co.,) 
on the upper part of the north slope of the divide between the Upper 
Iowa river and Village creek, it can not have a thickness under the ore 
bed of more than sixty feet. This limestone lies conformably upon the 
St. Peter sandstone, which outcrops on the tops of all the higher ridges 
in the north part of the county. It is worthy of notice that this sand- 
stone is everywhere, as exposed in this section, much colored by oxide 
of iron, and, in a few places, a thin layer of very good ore is found in the 
upper part of it. 

Immediately overlying the ore is a thin stratum of small drift gravel, 
such as is found in most parts of this county overlying the Trenton, then 
the usual yellow clay subsoil found in this section. This subsoil, the 
gravel, and the black surface soil are the only deposits overlying the iron. 
In no place do they exceed a thickness of ten feet, and should the deposit 
ever be worked this will make the operation of stripping very easy and 
cheap. 

Some of the upper boulders of ore are composed of very small drift 
gravel cemented together into a solid mass by the iron; others again are 
thickly encrusted with these small pebbles. On the occasion of one of 
my visits there, last fall, I picked up several pieces of ore in which were 
imbedded well-preserved specimens of Trenton fossils. 

A number of assays of th« ore hav^ been made and none of them 

showed less than fifty per cent, of iron, the highest being sixty-four per cent. 

Ellison Orr. 
Postvilhy loway Dec. /f, iSSy, 



A crystalline rock near the surface in Pawnee Co^ Neb. During the 
past summer a rock of no little interest was brought to light in a boring 
by the Rock Island & Pacific railroad company in Pawnee Co., Neb. 
The surface formation is Carboniferous. For 532 feet there is an alter- 
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MUion ol shales, red and black, and magnesian limestone. At this depth 
liowever, a change begins and at 55a feet a distinctly erystaiiime rock is 
encountered. Much of it is flesh red but this color is not uniform. It is 
quite hard, being about six in the scale of hardness. The chief ingredi- 
ent is feldspar with moreover macroscopic and microscopic particles of 
hornblende or pyroxene and hematite. The nature of the supericum- 
bent rocks, together with the slight depth at which this rock was found 
make it quite an interesting subject for further study. 

F. W. Russell. 



The salt well at LincotUy Neh, The 19th session of the Nebraska Legis- 
lature, in 1885, passed a law providing for the sinking of an experimental 
well near Lincoln. Owing to divers causes the work was not begun 
until March, 1886. The main object in view was to obtain either rock 
salt or strong brine, the boring being made on one of the salt marshes of 
the state. For 205 feet the material was an alternation of sand and 
gravel. One or two flows of brine were encountered, but of low 
strength. At 305 feet the best brine was found, testing 35 degrees 
strength, and inexhaustible. Rock was found immediately under this. 
From this point downward until about iioo feet there were slates, shales 
limestones and sandstones, each stratum of no very great thickness. Red 
shales and sandstones were quite abundant. Some of the limestone was 
quite chcrty. At 600 feet a flne flo^% of artesian water was reached 
which roKC over 45 feet above the surface when piped. It was brine 
of low quality. At 828 feet another flow was encountered, which was 
a little stronger in quality and made a visible increase in quantity. 
Nothing now was found until the depth of 942 feet was reached when 
four inches of coal were passed through. At the time of the sinking 
strong hopes were entertained of flnding a profltable seam after this one 
was found, but they were not realized. At iioo feet, or thereabouts, the 
first magnesian limestone was met, and it was the chief rock onward to 
nearly 2000 feet. Here was found a sandstone very flne in grain and 
even in texture. Passing onward one finds magnesian limestone and 
red sandstone; this last very hard in some places. The work was stop- 
ped in this same red sandstone, at the depth of 2463 feet. The boring 
ceased onlv on account of a technicalitv in the law, which made the 
funds for the purpose unavailable after a certain time. The drill hole 
was left in excellent condition, however, and there is every reason to 
believe that the coming Legislature will make arrangements for the con- 
tinuance of the work 500 or 1000 feet further.^ 

F. W. Russell. 



* We are assured that the final report of Mr. B. P. Russell, upon this well, 
will soon appear. Mr. Russell was appointed by the board of Public 
Lands and Buildings, to superintend the boring, and his report will be 
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Additions to the minerals of Minnesota, While engaged in making in- 
vestigatioHB in northern Minnesota for the state geological survey 
during the past season two or three minerals were observed that, I think, 
have not been hitherto reported from that state. • * 

Aragonite in rectangular masses composed of many parallel ortho- 
rhombic prisms, all the prisms in the same mass having an equal length, 
was found in Cretaceous shale on the Little Fork river near the Boi» 
Fort Indian reservation. 

Long, thin-bladed crystals of cyanite of a grayish-blue color were found 
penetrating mica schist in Twp. 70-21, on Rainy lake. 

Quartz in fine grains and mica in minute shining scales occur in close 
intermixture ; the whole having a feathery radiated structure and existing 
in masses of various sizes and shapes in the coarse granite at the east 
end of Rainy lake. Tourmaline crystals were also noticed. 

II. V. Winch ELL. 

Ann Arbor y Jan. lOy 1888. 
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Messrs. Charles Wachsmuth and Frank Springer 
are engaged in the preparation of a work on Crinoids more 
elaborate than anything they have yet attempted. Their Re- 
vision of the Palceocrinoidea^ a work recently completed, has 
given these authors an enviable place among palaeontologists at 
home and abroad. The new work, which will bring them even 
greater honor, will be a complete monograph of the palaeocri- 
noidea of the United States and Canada. All known species 
will be amply illustrated, redescribed, and properly classified. 
The principal museums and collectors, with the most gratifying 
liberality, have sent their type specimens of species and genera 
for examination and use in the preparation of the monograph. 
With even greater liberality museums and collectors are placing 
their undcscribed species at the disposal of the authors. The 
drawings and descriptions will therefore be made almost ex- 
clusively from the specimens, and not from published figures. 
There will be at least one hundred new species described in the 
work, and several new genera. The crinoids will be arranged, 
not by formations, but by genera and families, so that the 



received with great interest on account of the depth of the well and its^ 
remoteness from any similar boring. The fact that no crystalline rocks 
were encountered in descending 2463 feet makes the discovery of such 
rocks in Pawnee county at the depth of 550 feet the more remarkable. 
Ed. 
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species of each genus and the genera of each family will be 
placed side by side. Tables of the families and genera will be 
given with the descriptions. The work is well under way. 
The preparation of the manuscript is well advancecf, and eleven 
large quarto plates that are certainly unsurpassed by anything 
heretofore published, arc already finished. 

The Keokuk (Iowa) scientific society, lately organized, 
will be occupied in developing the ** Keokuk beds.** It includes 
among its members some whose researches have already received 
national recognition. The president is professor C. H. Gordon 
and the secretary is E. J. Unger. 

Duplicates of the flora of the Dakota group. We are 
informed by the chancellor of the University of Kansas that the 
new " Snow Hall of Natural History" is possessed of numerous 
duplicates of the flora of the Dakota group, which are offered 
for sale with the view of obtaining funds for further collections. 
We understand that the specimens are in an admirable state of 
preservation. The entire series consists of seventy-five species, 
of which thirty-five are new to science. All have been deter- 
mined by Lesquereux, and they are mostly his species. In- 
formation may be obtained of Dr. F. H. Snow, Lawrence, 
Kansas. 

A NEW JOURNAL. TlIE AMERICAN ANTHROPOLOGIST is 

announced to be begun as a quarterly by the anthropological 
society of Washington. The committee of the society under 
whose direction the work will appear, are Prof. J. Howard 
Gore, Thomas Hampson, W. 11. Henshaw, Prof. O. T. Mason, 
Dr. Washington Mathews, S. V. Proudfit and Col. F. A. Seely. 

The Trenton limestone as an oil formation. A re- 
cent letter from professor Edward Orton, of Columbus, Ohio, 
makes known the important point which he has lately made, 
that the Trenton limestone is an oil or gas rock only when it is 
a dolomyte; that this phase of the rock is superficial; that it 
extends through northwestern Ohio, northern Indiana and prob- 
ably through Michigan; that it is in the main filled with salt 
water, but that in favored portions oil and gas are found. The 
Trenton limestone in its normal or ordinary constitution is in no 
sense a gas rock. 

At the' anWual meeting of the American Society of 
Naturalists, held at New Haven Dec. 27th-29th, the following 
geological papers were read. The volcanoes of Kilauca^ by 
Prof. J. D. Dana; A simple method of measuring the thickness 
of inclified strata^y Mr. C. D. Walcott; Improved machinery 
and appliances for cutting sections of rocks and fossils in any 
desired planes^ by professor William B. Dwight; The educa- 
tional value of micropetrography, by professor Geo. H. Wil- 
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liams ; Instruction in mineralogy and structural geology in the 
Massachusetts Institute of Technology^ by professor W. O. 

Crosby. ^ 

Ix Science for Dec. 30, 1887, we find a description of 
Snow Hall of Natural History, at Lawrence^ Kansas, accompa- 
nied by an extra sheet giving a perspective view of the building 
and floor plans of the four stories including the basement. 
Snow Hall was erected to serve as a Natural History building 
for the University of Kansas. The state Legislature appropriated 
fifty thousand dollars for the purpose in 1885; ^"^ ^^ building 
was completed, formally named and dedicated on Nov. i6th, 
1886. The name is given in honor of the venerable professor 
F. H. Snow whose connection with the University dates from 
its foundation in 1866. 

The building seems particularly well adapted to the purpose 
for which it was designed. In the basement is a large labora- 
tory for elementary botany, a taxidermist's workshop, a biolog- 
ical laboratory, and rooms for storage and other purposes. 

The geological collections are displayed in a large museum 
on the first floor, and on the same floor convenientlv situated 
with reference to the museum are the geological laboratory, 
and a workroom for the curator of geology. The general lec- 
ture room is on the same floor. 

The second floor contains separate rooms for the entomologi- 
cal, general zoological and botanical collections, together with 
appropriate zoological and botanical laboratories and work- 
rooms. On the third floor there are anatomical and photograph- 
ical laboratories, an anatomical museum, store rooms and an 
osteological workroom for the preparation of material. Kansas 
University is to be congratulated on her splendid equipment for 
carrying on work in geology and natural history. 

Three or four years ago the quarrymcn at Le Grand, 
Marshall Co., Iowa, exposed a thin layer that in places is 
crowded full of interesting and most beautiful crinoids. The 
quarries are opened in the Kinderhook limestone, the lower 
part of the Subcarboniferous formation, and have been worked 
for a great many years. The crinoids occur in a bed of calca- 
reous shale and are in a most perfect state of preservation. 
The locality has furnished eighteen new species of crinoids and 
two of blastoids. These have all been described by Wachsmuth 
and Springer, and the descriptions and illustrations will be 
published in the forthcoming eighth volume of the Illinois 
geological reports. 

The American Naturalist, a monthly Journal de- 
voted to Natural History and travel, and an old favorite with 
working naturalists everywhere, will be published during 1888 
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by the Leonard Scott Publication Co., of Philadelphia. Cope 
and Kingsley still hold the position of leading editors, and the 
department editors remain as last year. 

The "scientific" thief and swindler was detected 
lately at Franklin, Ind., by Prof. D. A. Owen, through the aid 
of the description published in the January Geologist. Prof. 
Owen confronted him in his private room with the description 
in his hand. He was not known to have stolen anything, but 
he left the town on the first express train. He was moving 
under the name of Otto L. Zyrski, as a deaf and mute Russian 
savant. 

Frank Springer, now traveling in Europe, has recently 
procured a large lot of crinoids from the Carljoniferous of 
England and the Eifel of Germany. The lot will afford valu- 
able material for comparison with American forms, and. will be 
so used in the preparation of the forthcoming inonograph by 
Wachsmuth and Springer. 

Mr. Charles Keyes,a recent graduate of the State 
University of Iowa, is doing splendid work in preparing 
the drawings for Wachsmuth and Springer's new monograph 
of the PalaBOcrinoidea. Mr. Keyes devoted much attention to 
geology and palaeontology during his undergraduate course. 
His graduating thesis is an elaborate treatise oh the geology 
and palaeontology of Polk county, Iowa. It is a thick, royal 
octavo, manuscript volume, illustrated by a number of plates 
giving sections, profiles and numerous figures of fossils. 

The Iowa Association for Scientific Research was 
organized on 27th December, 1887, at Des Moines. The offi- 
cers of the Association are, president. Prof. Herbert Osborn, 
Ames; first vice-Pres. Prof. J. E. Todd, Tabor; second vice- 
Pres. Prof. T. H. McBride, Iowa City; secretary-treasurer, 
Prof. R. E. Call, Des Moines. The following papers were 
read by members: 

By Prof. T. E. Todd, of Tabor College— i. "The origin of the extra- 
morainic till." 2. "Terraces of the Missouri." 3. "Decorative colora- 
tion in animals." 

By Prof. B. D. Halstead, Iowa Agricultural College— 4. "Artificial 
propagation of pollen of certain grapes." 

Bv Prof. F. M. Witter, of Muscatine— 5. " Shell hunting and shells 
in Decatur county, Iowa, and Lyon county, Kansas." 

By Prof. Launcelot W. Andrews, State University — 6. " On a new 
astatic galvanometer with a spiral needle." 7. " On the volumetric de- 
termination of lead, barium and sulphuric acid.** 

By Prof. H. W. Parker, of Grinnell College— 8. "Animal intelligence." 

By Prof. R. Ellsworth Call, of Des Moines — 9. "Some forms of the 
Ozarks." 10. " Notes on the anatomy of Campeloma." 11. "On a new 
fossil from the Post-Pleiocene of California." 

We wish the new association abundant success. 
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The " Western Society of Naturalists '' was organ- 
ized at Indianapolis, December 29, 1887. This is an association 
of botanists, zoologists and geologists, the objects of which are 
the discussion of methods of instruction and of research, as well 
as details of museum administration. The constitution adopted 
is essentially the same as that of the eastern ^^American Society 
of Naturalists." The officers for the following year are, 
president. Dr. S. A. Forbes of Champaign, 111.; vice-presidents^ 
Prof. W. J. Bcal of Agricultural College, Mich., Pres. T. C. 
Chambcrlin of Madison, Wis., and Prof. Henry L. Osborn of 
Hamline, Minn.; secretary. Dr. J. S. Kingsley of Bloomington, 
Ind.; and treasurer. Dr. John M. Coulter of Crawfordsville, 
Ind. It was voted to hold the annual meetings in October, the 
next one at Champaign, 111. About forty naturalists have been 
enrolled as members. 

Professor L. E. Hicks reports the occurrence of diatoma- 
ceous earth near the base of a bluff seventy-five feet in hight on 
the North Loup river in Nebraska. The bed is twenty feet in 
thickness; and while the diatoms are numerous, they make up 
after all only a small proportion of the whole mass. 

Professor O. C. Marsh describes some interesting Mesozoic 
and Tertiary fossils in the January number of the American 
yournal of Science, For some time geologists have been puz- 
zling over certain clays of undetermined age, outcropping 
between Baltimore and Washington. By direction of professor 
Marsh, Mr. J. B. Hatcher instituted a search in the clays for 
vertebrate fossils, and he was rewarded beyond all expectation 
by finding a rich fauna belonging to types characteristic of the 
Upper Jurassic. The forms brought to light by Mr. Hatcher 
and described by Marsh, consist almost wholly of the remains 
of Dinosaurs. The clays in question have been called by mem- 
bers of the United States geological survey, the Potomac 
formation. The formation evidently overlies the Triassic 
sandstones and seems to pass into clays which underlie the Cre- 
taceous marls of New Jersey. It will be seen therefore, that 
the palieontological evidence and stratigraphical inferences are 
in harmony. 

The Tertiary fossils described by Marsh in the same Journal 
consist of a scries of teeth belonging to a peculiar Sirenian whose 
nearest living relatives are found among the dugongs, — belated 
creatures that seem very much out of place in our modern 
faunas. The teeth were found in California associated with a 
mastodon, camel, extinct horse and other species indicating the 
horizon of the Pliocene. 

The University of Nebraska is doing good work in 
geology and mineralogy. One of the recent accessions to the 
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geological laboratory is a complete machine for preparing rock 
specimens for the microscope ; also a fine petrographical micro- 
scope with all the modern accessories. 

Mr. G. B. Frankf orter has chosen for his thesis for the Mas- 
ter's degree, " The Limestones of Nebraska." His skill as an 
analytical chemist, added to experience in the field, gives assur- 
ance of valuable results. 

And now comes the report that diamonds have been 
found in meteorites. At least small granules, said to have all 
characteristics of the diamond, have been found in a meteoric 
stone that fell in Russia on Sep. 4, 1886. 

Mr. F. W. Russelt. reports a peat red in the Loup 
country, in central Nebraska, six miles long, three miles wide, 
and from one to four feet thick. In some places it is deeply 
covered, but for the most part exposed and still forming. The 
peat rests on river sand and is hence siliceous at the base. It 
contains many diatoms, chiefly of the genus Navicula. It 
burns well, leaving no great amount of ash. In a region desti- 
tute of other fuel this deposit promises to be of economic im- 
portance. 

Prof. L. E. Hicks lectured to the State Horticultural 
Society, of Nebraska, at its winter meeting on the " Relation 
of soils to geological structure," and to the State Agricultural 
Society on " Irrigation in Nebraska." He used for illustration 
an unpublished geological map of Nebraska, and a topographi- 
cal map enlarged from Gannett, by C. G. McMillan, under the 
direction of Prof C. E. Bessey. 

A very fine collection of gold and silver ores has been 
presented to the University of Nebraska by Gen. Victor Vif- 
quain, U. S. consul at Barranquilla, South America. 

A stratum quartzyte near Valentine, Nebraska,con- 
tains free gold, but not in^ paying quantities. 

A bed of black marl, with numerous shells of fresh water 
mollusca, in the valley of Pumpkin creek, Cheyenne county, 
Nebraska, will sometime prove useful as a fertilizer. 

A fine kaolin-like clay from Pine creek, in Cherry county, 
has been received from Rev. G. W. Reed. The clays of Ne- 
braaska are excellent, and will form the basis of important 
industries, at no distant Jay. 

Dr. Metz, of Madisoxville, near Cincinnati, is re- 
ported to have recently found two palaeoliths in undisturbed 
glacial ground at that place. This, if confirmed, will be an- 
other argument for the great antiquity of man on this conti- 
nent, and will be in line with the discoveries of Dr. Charles C. 
Abbott, in New Jersey, and of Miss Babbitt, in Minnesota.. 
All these, if they should ultimately prove genuine, will also 
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confirm the work of Dr. Hicks, in England, who has recently 
published the details of the exploration of a cave which he 
maintains is of preglacial age, and the evidence for the claim 
seems unusually good. 

In all these cases, however, the word "preglacial" is rather 
loosly employed, and should be held to mean possibly "inter- 
glacial." The fact that these relics were found beneath undis- 
turbed glacial deposits does not prove preglacial age, but only 
that the objects are not postglacial. Unless the proof is clear 
that these beds belong to the earlier portion of the ice-age, 
they should not be called preglacial. There is apparently good 
evidence that there have been two distinct advances of the ice, 
and the term "preglacial" ought to be kept strictly for use in 
reference to events that preceded the earlier of the two. 

We have as yet no evidence at all of preglacial man on Earth, 
but the evidence for the existence of interglacial man is yearly 
becoming stronger, and at the present rate will soon be con- 
clusive. But it must be borne in mind that the earlier the date 
at which we seek to establish man's existence, the stronger 
must be the evidence that is adduced in support of the claim. 

At the last annual meeting of the Indiana Academv of 
Sciences, held at Indianapolis, Dec. 28th and 29th, the follow- 
ing geological papers were read: 

The east-west diameter of the Silurian island about Cincinnati. D. W. 
Dennis. 

Erosion in Indiana. J. T. Scovell. 

A geological section of Johnson county, Indiana. D. A. Owen. 

Notes on some fossil bones found in Indiana. O. P. Hay. 

The officers for i888 are J. P. D. John, president; John C. 
Brunner, T. C. Mendenhall, and O. P. Hay, vice-presidents; 
Amos W. Butler, secretary; O. P.Jenkins, treasurer. 

According to Prof. Chas. W. Rolfe, of Urbana, 111., 
the gas wells at Litchfield in that state, which are the only high- 
pressure wells which have been obtained in Illinois, and which 
a year ago were supplying 800 stoves, have so diminished in 
pressure that they now furnish but eighty. The supply of lu- 
bricating oil in that vicinity does not seem to have sensibly 
diminished. 
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SOME EFFECT OF PRESSURE OF A CONTINENTAL 

GLACIER.! 

BY ALEXANDER WINCHELL. 

The terrestrial globe in some of its behavior, may be com- 
pared to an India rubber ball filled with water. If indented by 
pressure in one place, there must be a protuberance equal in 
volume in another place. In a ball of uniform composition, the 
protuberance would be spread over the entire surface beyond 
the region indented, and the effect in one particular spot might 
be insignificant. Should a small area of the caoutchouc be 
thinner than the rest, that part would be protruded to a greater 
extent than other parts of. the surface. Should there be small 
holes or fissures through it, the water would escape and flow 
over the surface. That is, the protuberance resulting from 
local pressure would be chiefly on the outside of the shell. 
As we ordinarily conceive it the water would be squeezed out 
— like the juice of a squeezed orange. 

The analogy of the earth does not depend on the theory of a 
molten interior beneath a solid crust. Whatever weight or 
force is adquate to indent the world's exterior develops, by 
crushing mechanical action, heat enough to fuse the rocks and 
supply liquid material. The amount supplied is proportioned 
to the magnitude of the action. It is generally admitted that 
ocean sediments accumulated on a large scale, have in many 
cases, produced a subsidence of the bottom on which they rest. 
In some cases, we can point out the regions elevated as the 
counterpart to the subsidence. I think in some cases, we may 

' The views here enunciated were published in the University Ar^o- 
mami in March, 1886. 
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point out escapes of molten lava as sequences to sedimental 
pressure; but geologists have not done this in any articulate 
way ; and the principle involved is one of the points at which 
1 aim in this memorandum. 

One of the great doctrines of geological science which have 
found their way into common knowledge and acceptance, is the 
<loctrine of former general glaciation of the north temperate 
lands. North America, east of the Rocky Mountains, and as 
far south as Cincinnati, was covered by a sheet of glacier ice, 
which perhaps averaged a mile in thickness. Its pressure upon 
ahe earth^s exterior will readily be understood as enormous, and 
the reader can easily reach a numerical result. It will be borne 
in mind that the whole weight of the ice assumed the form of a 
pressure; ♦while in the case of ocean-sediments, whose effects 
are generally admitted, the buoyant action of the sea-water 
prevents about half the weight of the sediments from assuming 
the form of a pressure in excess of that already exerted by the 
water. 

Now where was the region subjected to protrusion in re- 
sponse to the enormous pressure of the great ice-mass? The 
view which I wish to enunciate is, that some of the region west 
of the Rocky mountains was the theatre of actions responsive 
to the great eastern and northern pressure. It is established 
that those regions were not generally glaciated. They must 
consequently, have experienced a tendency to become protu- 
berant. Some regions may have been bodily uplifted. If 
fractures were thus caused, an escape of molten matter may have 
permitted such regions to subside. There are evidences of 
simple vertical actions and movements such as would thus result. 
If, however, fissures existed, or were produced, through which 
outflows of lava could take place, then instead of a vertical eleva- 
tion of the crust, a flood of lava would cover the country. 

Such floods of lava have occurred. Vast sheets of frozen 
lava are the most conspicuous feature of a region • embracing 
large parts of Washington, Oregon, Idaho, Nevada, California, 
Arizona and New Mexico. In Oregon and Washington there 
was an almost universal flood of molton material, which covered 
and buried the whole original face of the country — hills and 
dales, mountains and valleys. Its extent is estimated by Le 
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Conte at not less than 150,000 square miles, with a thickness of 
three to four thousand feet. The Columbia river at the Cascade 
Range, has cut through 2,500 to 3,800 feet of lava. 

Heretofore the epoch of the outflows has been placed late in 
the Pliocene — before the Glacial epoch. On this assumption, 
American man has been located in the Pliocene, since his re- 
mains have been found in California beneath the great sheet of 
lava which caps the celebrateJ Table mountain of Calaveras 
county. The relation here suggested^ but hitherto overlooked 
between western lava outflows and eastern ice-pressure has 
therefore, the ulterior effect of reducing the supposed antiquity 
of man in America, and thus of harmonizing his chronology 
Mrith that of European man. 

This conclusion is indicated on other grounds. Remains of 
man have been found associated with Equus occidentalis and 
E. excelsus Leidy, in Oregon, in beds held by Cope and Marsh, 
it is true, to be Pliocene; and a similar association is reported 
from Colorado by Dr. Gilbert. Th^ account of these observa- 
tions has not yet been published; but from personal informa- 
tion from Dr. Gilbert, I learn that he and Mr. Mc Gee connect 
the Equus fauna of Oregon with the Glacial epoch rather than 
the Pliocene; and this result is in accord with what I anticipated 
on theory, may be found to be the truth in California, in re- 
spect to the gravel beds holding human remains underneath 
tables of lava. • 

This method of viewing the subject of continental glaciation 
leads to another suggestion. If the terrestrial crust, to the east 
of the Rocky mountains and north of the Ohio river, was 
•deeply indented by the weight of a sheet of ice say five thousand 
feet thickj a change must have resulted in relative levels of land 
and sea in the regions contiguous to the ice-boundary. The 
crustal depression would not be limited strictly to the ice-covered 
area. The crust's partial rigidity would cause the depression to 
be experienced along a bordering belt many miles in width. 
That is, the original Atlantic border of Labrador and New 
England would be depressed, and so would a belt through New 
Jersey, Maryland, jCentucky and Illinois lying along the south- 
ern limits of the glacier. 

Along shores reached by the glacier, the ocean would bathe 
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the glacier and dissolve it more or less rapidly. On coasts 
where the glacier's motion was inconsiderable, the action of the 
sea maintained a bare shore line; and beach history; was re- 
corded as if the interior had not been ice-covered. The most 
important records would consist of beaches. The gulf of St, 
Lawrence, along the south shore, would have been kept free 
from ice, and a succession of beaches would record the succes- 
sive stages of sea-level. Thus genereally, on shores trending 
meridionally, and more especially on southern shores, a series 
of beaches would be formed, while probably northern shores^ 
through the constant encroachment of the glacier, might be 
kept completely concealed. The beaches formed during the 
progressive relative rise of the water would probably be oblit- 
erated, but, as usual, the beaches formed during the receding 
phase, would remain as records and evidences of the former 
submergence. 

The theory implies that the greatest crustal depression would 
be experienced northward ; the depression would gradually di- 
minish southward. That is, the beaches northward would attain 
the highest elevations in relation to the preglacial level of the 
land. On the final dissolution of the continental glacier, and 
the restoration of the land to its former level, these beach- 
records would be found attaining progressively higher levels 
toward the north. The theory implies also that elevated 
beaches would be formed along all shores bordering glaciated 
lands — whether American, European or Asiatic. 

Now witness the facts. Inland beaches whose geological re- 
lations connect them with the last great events of the world's 
history are actually found along the Atlantic coast from New 
York to Labrador, and even to arctic latitudes. Onlthc south- 
em coast of New England ancient beaches are found from ten 
to twenty -five feet above present sea-level ; on Nantucket, 85 
feet ; on the coast of Maine, 27 feet; on the borders of lake 
Champlain, — then apart of the gulf of St. Lawrence — 350 feet; 
at Montreal, 500 feet; on the Labrador coast, 500 to 8cx> feet; 
on the arctic shores, 1000 feet. Commander De Long found 
elevated beaches on Bennett island, at the altitude of feet. 

This theory further implies that the formation of the beaches 
was synchronous with the prevalence of wide glaciation. The 
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common opinion has been that the subsidence followed glacia- 
tion, and was a phenomenon of the Champlain epoch rather than 
the glaciation. Under the views here set forth the beaches 
which remain date from the commencement of the decline of 
the glacier. 

Croll, who has so ably speculated on the causes of contin- 
ental glaciation, conceived the icy load as heaped above the 
former level of the continent. . He viewed the crust as too 
rigid to bd depressed by the weight. A polar ice-protuberance 
of 5,000 feet, and covering all the north temperate lands, would 
shift the earth's centre of gravity northward to a certain extent. 
The oceans would as a consequence, flow northward to restore 
the proper figure of the earth, and all northern lands would 
suffer inundation. This reasoning becomes nugatory in the 
face of much evidence that the earth's crust has many times 
yielded to the pressure of accumulated sea-siediments, and would 
much more yield to the weight of a continental glacier. 



THE RIVER-LAKE SYSTEM OF WESTERN MICHIGAN. 

BY C. W. WOOLDRIDGE, B. S., M. D. 

The attention of geologists docs not seem to have been di- 
rected to the pecfiliar system of river-lakes found along the 
ciustern border of lake Michigan, to the degree which their im- 
portance merits.' 

The map accompanying this article represents a portion of 
the lake Michigan border, along the northern part of Muske- 
gon county, Mich. A glance at any good map of the state will 
show that the system of lakes occupying the lower valleys of 
streams flowing into lake Michigan, which the region depicted 
in this sketch so well illustrates, continues throughout the whole 
length of the cast shore of lake Michigan, from Grand Traverse 
bay on the north to the St. Joseph river on the south. 

A careful study of the viciaity of White lake, shown in the 



* These features were pointed out and mapped by Alexander Winchel 
in an article in HarperV Magazine for July, 1871, p. 284. [Ed.] 
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accompanying map, together with more cursory observations at 
various points from Grand Traverse bay to the mouth of the 
Grand river at Grand Haven, enables me to state the following 
facts regarding this system of lakes and the region where they 
are found. •> 

I St. These lakes assume the same form that would be pro- 
duced if they were covered by dams across the river valleys at 
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there outlets. They are elongated in the same general direction 
as the valleys of the streams which flow into them. They are 
deepest toward lake Michigan, they terminate, or begin, in 
marshes at their inland extremity, and they usually extend some 
» distance into the valleys of tributary streams flowing into them. 
2nd. Their beds are excavated in the drift clay, and not in 
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surface sand which overspreads the lower levels in their vicin- 
ity. The region bordering White lake on all sides is composed 
of clay, over spread with a stratunf of sand varying, usually, 
from one foot to four feet in depth, though in places- it is 
deeper. The clay surface reaches ahight of 15 to 30 feet above 
the level of the lakes, and a portion of the sffip of land which 
separates it from lake Michigan, even, consists of a hill of drift 
material, mostly clay, partly covered with a timbered dune. 

I have also made observations which go to show a similar 
structure in the case of other lakes of this class, especially Duck 
lake, shown on the map, Pentwater lake, and Manistee lake. 
All these lakes seem to be submerged portions of the river- 
valleys in which they lie, and such I believe they are in fact. 

3rd. The present bottoms of these lakes are the product of 
sedimentation and not of erosion, and that to such an extent as 
to obliterate any features due to erosion which may originally 
have existed in them. Of this fact I have convinced myself by 
sounding through the ice on White lake and Duck lake, though 
I had anticipated a contrary result. 

4th. The original slope of the bottoms of these lakes in the 
direction of drainage must have been much greater than of the 
country farther inland. I have myself sounded a depth of 84 
feet in White lake at the point indicated thus* on the ac- 
commpanying map. It is about seven miles from this point to the 
head of the marsh where the original lake bottom coincides 
with the present water level, from which it appears that a fall 
of least 84 feet existed in the original river bed between these 
points. From the head of the marsh up stream it is necessary to 
go at least twenty miles in order to find an equal change of level. 

5th. The valleys occupied by these lakes appear to have 
extended across the present border line of lake Michigan into 
deep water. At the foot of such river-lakes as these, in every 
instance known to the writer drifting sand-dunes now exist. 
At some time not very remote a much more extensive system 
of drifting dimes existed in this region than is now found, but 
long reaches of these dunes have become timbered and fixed. 
In such places the dunes are separated from the present beach 
sand by an escarpment cut in the clay that underlies them. 
This clay is what remains of the denuded surface of the older 
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country upon which the present surface sands-dunes and plains, 
have been deposited. Where that surface lies higher than the 
present level of lake Michigan, that lake has cut into it and 
the bank thus formed has separated the dunes formerly de- 
deposited on this clay from the beach sand which the waves 
are constantly shifting. In some places the old chain of dunes 
seems to have been entirely cut away ; in others, they remain 
fixed and timbered as described. Where the clay surface does 
not rise to the present level of the lake, the beach sand formed 
an uninterrupted slope up the dune, and in such places the 
sand continues to drift, while the waves on the beach continue 
to furnish a new supply. 

When examined, the presence of such drifting dunes will 
probably be found in every instance, to .coincide with a depres- 
sion of the clay surface underlying the west Michigan sands 
below the present level of the great lake. 

6th. This clay surface, wherever overspread by sand, a con- 
dition co-extensive with the lower levels of the country to a 
hight estimated at 75- feet above the lake, bears the marks of 
denudation by waves, and has evidently been submerged beneath 
the waters of the ^reat lake. Above that level the character 
of the land is that usually found in drift-clay ^regions. The 
surface is not generally overspread with sand, the denudation 
which has taken place upon it seems to be the effect of weather- 
iiig, and the eastern borders, especially, of such elevated tracts 
are plainly traceable along a .continuous level, showing them 
to have been islands at the time when the surrounding plain 
was submerged and denuded. 



ON A NEW POST-PLEIOCENE LIMNi£ID. 

BY PROFESSOR R. ELLSWORTH CALL. 

Des Moines^ lowa^ 28th November^ iSS^, 
In 1883, while the writer was engaged in the preparation of 
a report on the mollusca of the Great Basin, Dr. R. E. C. 
Stearns kindly submitted for study certain specimens of a fossil 
shell supposed to belong to Pompholyx. The specimens had 
been collected by the California geological survey and were 
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placed in the cabinet of the state university, at Berkeley, where 
th^ may now be seen. 

At the time the shells were received a careful study wa» 
made of them, and figures drawn of the largest and best pre- 
«erved specimen. They were recognized as not belonging t# 
Pampholyx, Reference to them was not made in the report 
cited for the reason that they were extra-limital. It is now 
propK>sed to describe these specimens as the type of a sub-genus, 
not hitherto recognized, its sole species being dedicated to Dr. 
Charles A. White, of Washington, the veteran palaeontologist 

PoMPHOLOPSis' WHiTEi, subg. et sp.^nov. 



<^ 



Figs. 1-3. 
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Shell dextral, globose, rather solid, deeply umblicated; whorlt 
3 — 31^, convex, body whorl very large; spire short, apex ob- 
tuse; aperture roundly ovate; peritreme continuous, forming a 
heavy callous on the parietal wall of the body-whorl. Growth 
lines inconspicuous, surface of the shell smooth ; sutures rather 
irregularly impressed. 

Length 7.26 mm,\ diameter 8.13 mm. This is the size of the 
largest of four or five specimens. I'ost-Plcioccnc, Tassajara 
"Hills, California. Prof. Gahb. 

The resemblance between this form and Pompholyx cffusa v% 
marked, but not less so are the differences. It is an umblicated 
shell, is heavier and larger, and comes from strata older than 
any in which Pom f holy x has yet been recognized. Tlic aper- 
tural characters are decidedly different, not at all effuse, and 
very regularly rounded ovate. Generic and s|>ecific characters 
■are necessarily combined, but the umbilicus will distinguish it at 
once from any other similar Limnaiid. 

There are now two fossil and two recent, (if Ameria be ex- 
cepted) subgenera of limnaeid mollusca which resemble each 
other in important particulars — perhaps sufficiently to give the 
whole number rank as a subfamily. To facilitate comparison 
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of these forms copies of the figures arc given below — 
und 6; and the following table of generic characters. 



figB.j 




'Proposed by Mr. W. G. Binney, Dec. 9, 1863, but not described' 
Mtgasystrofha, proposed by Mr. Lea (Proc. Phila. Acad. Jan., 1864, but 
not described.) Carini/t):, described by Binney, Am. Jour. Couch., vol. 
1. p. so, 1865. 

'One of these two (/Mfn^n/ species, namely C. foinonbyi'E. K. Smith, 
may prove to be a local variety of C. newberryi Lea, the type of the 
genuB. In connection with this name a curious interchange of figures 
and descriptions occurs^ — noticed by Mr. Smith but uncorrected in print 
BO far as I know, C. ^xioofr)?' wai described in Proc. Zool. Soc. Lon- 
don, 1 Nov., 1875, pp. SJ6 538. The/^«r(! illustrating it Ih Diala Mlbii E. 
A. Smith. This last named form is described at the same time, also from 
California, on pp. 539-540, but the figure there given is the C. famonbyi 
E. A, Smith. C. brevxri Newcomb, has never been described. 

) One of these described species, P. solida Dall, is possibly not 
■ufEcientiy distinct from the typical form to take rank as a species — 
nor indeed as a well-marked variety, 

•The type of this genus — Vorlici/rx binntyi — was described by Mr. 
If eek under the name of CaHniftx bi»»eyi. Vide Proc. I'hiln, Ata.1, Kci.. 
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NOTES ON THp FOSSILS OF THE LOESS AT 

IOWA CITY, IOWA. 

BY PROFESSOR B. SHIMEK. 

The typical Loess deposits of the vicinity of Iowa City con- 
tain an abundance of specimens of mollusk remains, the careful 
study of which will no doubt cast much new light on the evo- 
lution of some modern species, as well as on the climatic condi- 
tions under which these forms existed. 

In the following brief notes I will merely make a compari- 
son of our Loess fossils with the same species now living here, 
as I desire to reserve the results of more extended observations 
for a future paper. 

All of the species noted in the following list were collected 
by myself in the immediate vicinity of Iowa City, and the 
greatest care was exercised to admit no old, bleached recent 
shells as Loess fossils. The rarer species were all obtained by 
digging in hitherto undisturbed Loess. 

1. ^onites arboreus (Say.) Binn. Only three imperfect 
specimens very much like our recent forms were found. 

2. Zonites viridulus (Menke.) Binn. Two fine specimens, 
were taken which were rather smaller than average recent ones* 

3. Zonites minusculus (Binn.) Fisch. and Cr. Three fossil 
specimens were found. My largest recent specimen measures 
2% mm. in greater diameter, whereas the three fossils measure 
each three mm. 

4. Zonites liniatulus ( Ward. ) Binn. The fossil forms arc of 
frequent occurrence. The species does not live here at present, 
but our fossils are much larger than any recent specimens which 
have come to my notice. 

5. Zonites fulvus(^DrRp.) Binn. Abundant. Average greater' 

1870, p. 59. But in a foot-note on same page he writes, ** I propose the 
subgeneric name Vortifex for these -shells, which differ from the typical 
forms of Carinifex?'* Attention was elsewhere called to the orthography 
of the subgeneric name, which should have been Vorticifex. No diagno- 
sis of the subgenus was ever given, and the one herein offered is based 
on Meek's specific description of V. Btnneyi^ which he has designated «• 
the typical species. 
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•diameter 35-^ mm. This is somewhat greater than in our recent 
forms. 

6. Paiula strigosa (Gould.) Binn. The variety known as/^. 
eooferi occurs in one of our exposures. The species is extinct in 
this locality. 

7. J^atuia strtatella (^Anth.) Morse. This is one of the most 
common species of the Loess. The average measurement of the 
fossils is about equal to that of the recent specimens. The fossil 
•eggs of this species are frequently found. • 

8. Helicodiscus lineatus (Say. ) Morse. But four specimens 
were found, which do not differ from the average recent forms. 

9. Perussacia subcylindrica (L.) Binn. Five fossils were 
found which are in all respects like the only two recent speci- 
mens which were collected here. 

10. Pupa armifera Say. But few specimens occur, and 
these are scarcely distinguishable from recent specimens, ex- 
cept by the unmistakable bleached character so peculiar to Loess 
fossils. 

1 1. Pupa muscorum L. Rather common. Now extinct 
in this locality. 

12. y^z/a 3/a/r</2 (Morse) Binn. Many hundred specimens 
were taken. The recent form is not found here. 

13. Vertigo Simplex (Gould) Stimp. Several hundred spec- 
imens which have been referred rather doubtfully to this species, 
were taken. The species is now extinct in this locality, but the 
dimensions of recent types are given as: length, i-? mm., diam., 
~ mm., and the number of whorls as five; whereas the best 
specimens of our fossil form measure 3}^ mm. in length and ^ 
mm. in diameter, and the number of whorls is seven. In all 
respects, excepting length'and number of whorls, our specimens 
are certainly V, simp/ex^ though a number of conchologistt 
have returned them to me as Pupa muscorum L.! P. mus- 
eorum has twice the diameter of this Vertigo^ and its aperture 
with the slightly expanded lip differs very much from that of 
the Vertigo^ which is regularly rounded, with a simple lip. 

14. Mesodon multilineata (Say) Try. The fossils are of frc- 
•qucnt occurence, but they are much smaller than our recent 
specimens. The smallest fossil specimen which was found 
measures 12^ mm. in greater diameter, and the largest 16 mm.. 
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whereas recent specimens from this locality vary from 32 mtn. 
to 26 mm. I have, however, collected recent specimens in Har- 
din county, the smallest of which equals the largest fossils, r. e, 
16 mm. in greater diameter. 

15. Vallonia pulchella ( Muell) Binn. The fossils arc quite 
abundant. Their average greater diameter is three mm. The 
recent forms average only two and a half mm. 

16. Succinca avara Say. The form which has been re- 
ferred to this species occurs in great abundance in our Loess. 
It certainly is not typical S, avara^ but coincides more nearly 
with Binney's description and figure of 6". verilli Bland, a 
boreal species. Our specimens average a trifle more than seven 
mm. in length. Our low-land form of living S. avara is very 
much larger and has a proportionally larger body-whorl, while 
the form which lives in dry rocky places is more corpulent. 
Both are unlike the fossil form. 

17. Succinea vermeta Say. A form identical with the 
large ^5. avara known commonly as var. vermeta occurs ii» 
great abundance in our deposits. It seems to change how- 
ever so gradually into the nari'ow, depauperate forms of 
«$*. obliqua that in a set of several hundred specimens I find it 
impossible to satisfactorily separate the two forms. Many of 
the fossil specimens are identical in forn} and size with the re- 
cent ones, but the average is rather larger. 

18. Succinea obliqua Say. The fossils referable to this 
species are somewhat smaller, narrower and have a more ele- 
vated spire than our local recent specimens. 

19. Limncea caper ata Say. Common. The fossils are 
smaller than our recent local form, but are equal to specimens 
from Marshall county, Iowa. 

20. Limncea humilis Say. Two forms of this variable 
species occur locally in considerable abundance. The broader 
form with longer aperture and shorter spire flnds its exact 
counterpart in our local living form, but the other does not oc- 
cur here now. 

The latter form has been erroneously called Z. desidiosa. It 
may prove to be distinct. 

21. Limncea desidiosa Say. Specimens which may be 
referred to this species are occasionally found. They are mudi 
smaller than the recent local form. 
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22. Leftolimncea . One perfect specimen of a Lefto- 

JitnncBa unlike any local living species was found. 

23. Physa . One young specimen was found. The 

species could not be determined. 

24. Helicina occulta Say. Abundant. The fossils aver- 
4Jg^e smaller than the several thousand recent specimens taken 
near Iowa City, but arc nearly equal to the specimens from 
Eldora, Iowa. 

25. Pisidium . Two perfect valves and several frag- 
ments of others were found. The species could not be satisfac- 
torily determined. 

It will be observed that with the exception of Helicina oc- 

• ^idlla Say and Pisidium all of these mollusks are Pul- 

monates. Of this list numbers 4, 6, 11, 12, 13, and 22 are now 
extinct in this locality. Numbers i, 7, 8, 9, 10, and 20 (the 
first form) have remained imchanged. Numbers 2, 14, 16, 18, 
19, 21, and 24 are now better developed than formerly, and 
numbers 3, 5, 15, and 17 have degenerated. Numbers 14, 19, 
and 24, are placed in the list of forms which, in this locality are 
better developed than formerly, but specimens from other parts 
of the state approach our fossils very closely. The probable 
causes of these variations will be discussed in the future. 



DARWIN AND GEOLOGY. 

BY PROF. E. W. CLAYPOLE. 

The publication of the Life of Charles Darwin by his son 
has afforded a suitable opportunity to review the labors of this 
greatest of recent naturalists. Charles Darwin was not a biolo- 
gist on the model of those who limit the field of biology to the 
study of structure with the aid of the microscope and the micro- 
tome. Invaluable as are these engines of research they h^id 
little or no place in his laboratory. But in the wide field of ob- 
servation and experiment, not with the dead but with the living 
organism, he was a biologist of the first rank. With this de- 
partment of his work, however, we have little direct concern. 
But a man of the first rank in one department of nature is al- 
most sure to cross the limit and enter on the ground of other 
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-departments. His greatness is often shown by the extent and 
thedirectionof his footprints. A master workman in one art 
will often show his masterhood when he touches another. 
Agassiz was a naturalist, but to him geology is indebted for the 
•'glacial theory." Leonardo da Vinci was a painter, but geology 
in her early days, not to mention other sciences, was not a little 
aided by him. Huxley is a biologist, strictly speaking, but 
palseontology, and, we might add theology, have both reaped 
advantage from his labors. Of such men it has been said and 
may be said again. 
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Nihil fuit quod non tetigit, nihil tetigit quod non ornavit." 



In like manner the great master who has so recently passed^ 
away, though a biologist so far his great discovery was conccrned,^ 
was a naturalist in the widest sense of the term, and if biology 
has reaped the greatest results from his labors yet geology has 
picked up the crumbs that fell from that richly laden table, and 
these crumbs have been of no slight value. 

We propose therefore to devote a few pages to a review of 
the important step which geology has made during the lifetime 
of this remarkable man. Such a sketch will include the work 
•of other men more or less closely connected with him. It may 
be of interest to many of the younger geologists of the present 
day to look through the eyes of their elders and view the pro-' 
gress of their science during the past sixty or seventy years. 
To us all it may not be unprofitable to see that "Other. men 
labored and" we "have entered into their labors." 

For our purpose it will not be necessary to dwell on the de- 
tails of Darwin's long and busy life. At the age of sixteen he 
went to the University of Edinburgh. This was in 1825. At 
the beginning of the present century the geological world 
had just passed through one of the most violent and bitter of 
the controve^'sies that have marked its hy no means peaceful his- 
tory. The conflict between the two schools, the Vulcanists and 
the Neptunists, was then at its hight. The eloquent Werner, 
professor of mineralogy at Freyberg, in Saxony, had adopted 
the view, derived from the study of the rocks near that town, 
that all the strata composing the crust of the earth had been 
formed under water. He freely introduced catastrophe to ex- 
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plain or remove difficulties in his system. The genius of the 
nan threw a halo around the theory that he propounded, and 
contributed in no small degree to give currency to views that in 
themselves were untrue because based on a too narrow induction. 

Hutton, on the other hand, the great apostle of the Plutonists^ 
was maintaining at Edinburgh, that many of the rocks compos- 
ing the crust of the earth had been poured forth in a molten 
state from the interior. In support of this opinion he appealed 
to facts that could not be gainsaid, such as dikes and veins of 
granite, &c. As Werner may be classed among catastrophic 
geologists, so Hutton may be called a uniformitarian. He advo- 
cated the view that the present state of things was the outcome 
^f a former one and that the facts of geology require for their 
explanation a vast series of years. "I can find," said he, "no- 
traces of a beginning*, no prospect of an end." The teachings 
of Hutton were the first to bring distinctly before geologists- 
this now fundamental article of their faith — the immense length 
of geologic time. Many recoiled, appalled at the spectre that 
was slowly taking shape before them. The new doctrine 
served as a touchstone to sever the courageous and unflinching 
followers of reasou from the crowd that could not or would not 
see the force of the evidence^ The disciples of Hutton were 
few ; those of Werner were many. Neptunism was fashiona- 
ble. Above all, the aqueous doctrine was orthodox while the 
igneous doctrine was heterodox. With the multitude this de- 
termined the choice. 

We are ready to laugh in these days at the wide prevalence 
of a doctrine that had absolutely no foundation save the elo- 
quence of its founder, but a little thought will show us that the 
tame state of things has occurred many times over in the history 
•f science. It was, however, no laughable matter in those days.. 
So high did the feeling run that Lyell in writing on the sub- 
ject says, "The heretical Vulcanists were soon after assailed in 
England by imputations of the most illiberal kind. It was per- 
haps better for a man's good reception in society that his moral 
character should have been traduced than that he should become 
a mark for these poisoned weapons — charges of infidelity and 
atheism.*" 

» Principle^ p. 55, 1853. 
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The echoes of this acrimonious controversy had not died 
away when Darwin went to Edinburgh. But a temporary cahn 
was then prevailing, due to the suppression of the heretical 
Vulcanists by the strong arm of public opinion. Their total 
and final suppression was, however, impossible because truth 
was on their side. The result was of course to take the life out 
of geological teaching and interest out of geological study. No 
power can permanently galvanize into the semblance of life 
that which is surely and finally dead. Without therefore at- 
tributing to young Darwin any other virtue in this respect 
(which he did not apparently possess) than the power of seeing 
wfien the evidence supported the teaching, we are not surprised 
to read (p. 36): 

" I attended 's lectures on geology, but they were incre(!^ 

ibly dull. The sole effect they produced on me was the deter- 
mination never, so long as I lived, to read a book on geology, 
or in any way to study the science. Yet I feel sure that I was 
prepared for a pnilosophical treatment of the subject." What 
kind of teaching he "enjoyed" may be gathered from the fol- 
lowing sentence: "It is the fact that I, though now only sixty- 
seven years old, heard the professor in a field lecture at Salisbury 
Craigs, discoursing on a trap rock with amygdaloidal margins 
and the strata indurated on each side, and with volcanic rocks 
all around us, say that it was a fissure filled from above, adding 
with a sneer, that there were men who maintained that it had 
been injected from beneath in a molten condition. When I 
think of this lecture I do not wonder that I determined never 
again to attend to geology." 

The biographer has judiciously concealed the name of the 
professor, but those who are familiar with Edinburgh of that 
day will find no diflRculty in filling the blank if they recall a 
well known teacher of a theory even then well nigh antiquated. ^ 

Times have changed, and now from the same chair are 
heard the once denounced doctrines of Hutton and Play fair, 
while the peculiar tenet of Werner has sunk into well deserved 
oblivion. 

The dislike to geology aroused at Edinburgh prevented, so 
he says, his attending the eloquent and -interesting lectures of 
Sedgwick at Cambridge. But he was strongly attracted by 
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the varied learnings and genial disposition of the professor of 
Botany, and became a constant attendant and later a compan- 
ion of Henslow, whose influence was great* and lasting. To 
this accomplished teacher and good man biology is largely in- 
debted for enticing into the paths of science his equally good 
and more gifted pupil. His wisdom and kindness undid the 
mischief that the bigoted Edinburgh professor had done, and 
won over again to geology the mind that had been estranged. 
Darwin never became a geologist, but in the hands of Henslow 
he soon lost all dislike of the science; it received a due share of 
his attention and has reaped a large harvest from his labors. 

He was not long in making the acquaintance of Sedgwick, 
and accompanied him in some of his geological excursions. Of 
one of these an account is given in the memoir, and from it we 
gain another glimpse no less striking of the state of our science 
in 1830, or about sixty years ago. 

"Next morning we started for Llangollen, Conway, Bangor 
and Capel Curig," all situated around the central peak of 
Snowdon. " Here," he says, " I had a striking instance of how 
easy it is to overlook phenomena, however conspicuous, before 
they have been observed by any one. We spent many hours 
in Gwm Idwal, examining all the rocks with extreme care, as 
Sedgwick was anxious to find fossils in them, but neither of us 
saw a trace of the wonderful phenomena all around us. We 
did not notice the plainly scored rocks, the perched boulders^ 
the lateral and terminal moraines. Yet these phenomena are 
so conspicuous that, as I declared in a paper published many 
years later in the "Philosophical Magazine," a house burnt 
down by fire did not tell its story more plainly than this val- 
ley." It seems almost incredible, familiar as we are with the 
Glacial Theory of Agassiz, that the professor of geology at 
Cambridge could be so absorbed in the search for fossils as to 
pass through the central domain of south British icedom and see 
nothing and ask himself nothing of the marvellous ice sculpture 
that covers the rocks around Snowdon. But so it was. Sedg- 
wick went through a region where almost every stone and 
rock was covered with inscriptions cut by the ice-chisel, but 
they failed to excite his curiosity or to attract his attention. 
Agassiz had not yet found the Rosetta stone. 
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The following remarks of Darwin on Carlyle in this con- 
nection are amusing, keen, and most will admit true. "It is 
astonishing to me that Kingsley should have spoken of him as 
a man well fitted to advance science. He laughed to scorn the 
idea that a mathematician, such as Whewell, could judge, as 
I maintained he could, of Gothe's views on light. He thought 
it a most ridiculous,thing that any one should care whether a 
glacier moved a little quicker or slower, or moved at all. As 
far as I can judge I never met a man with a mind so ill adapted 
for scientific research." — p. 64. 

There has come in the life prohabl}' of every great man a 
turning-point, marked , by some perhaps insignificant circum- 
stance, which was the means of directing histhought and energy 
into the channel in which thev afterward remained. So it was 
with Darwin. It was in the year 1831 when he was twenty- 
two yeans of age that two events occurred almost simultaneously 
that tended to confirm him in his devotion to science, and at 
the same time to attract him very powerfully to biology, and 
geology. These were, his appointment as naturalist on the 
"Beagle" during her voyage of discovery, and the publication 
of Ly ell's "Principles of Geology," a copy of which he bought * 
at the suggestion of his friend Henslow, who however cautioned 
him "on no account to adopt the views therein advocated." 

To realize the significance of these words wx must recall the 
state of geology in 1831. The theological fetters which at 
Edinburgh had obstructed the sagacious Hutton ar^d his disciples 
in the promotion of his doctrine of the igneous origin of certain 
rocks, and the great length of geological time, were equal ob- 
stacles in the path of Lyell and his then new school of Uni- 
formitarians. The advisability, in the minds of the old or con- 
servative school of geologists (if indeed they deserved the name,) 
thc<\bsolute necessity, in the opinion of theologians, and un- 
reasoning prejudice on the part of the multitude who caught 
up their ideas at second-hand but for that reason clung to them 
all the more doggedly — all these combined to suppress indepen- 
dent thought along certain suspected lines, and to foster attempts 
to close or to bridge the chasm that was beginning to yawn 
between the two parties. Apprehension on both sides produced 
opposite results. The geologists of the new school kept silence 
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while their opponents took and held possession of the public 
ear. It is amusing and at the same time instructive now to read 
the works that were then issued — many of them in perfect hon- 
esty but some we fear by mere special pleaders — to show that 
there is no inconsistency between the narrative in the Hebrew 
Scripture,* literally interpreted, and the story of the rocks. The 
bed of Procrustes was a trifle compared with the extraordinary 
torture which was applied to both in order to bring them into 
accord. The treatment of the geologic record involved, often 
through ignorance, the suppression of the most awkard difficul- 
ties and the most obvious facts, so that the version gave but a 
garbled report of the story of the rocks; while on the other side 
we are reminded of the acute remark of professor Huxley that 
a "layman can only stand aside and marvel at the wondrous 
flexibility of a language which admits of so different and even 
opposite interpretations." 

To this class of books belong Granville Penn's Comparative 
Estimate of the Mineral and Mosaical Geologies^ Pye Smith's 
Scripture and Geology^ and last, though by no means least. 
The Testimony of the Rocks^ which may truly be said to have 
been purchased with the life of Scotland's great geologist, Hugh 
Miller. To these we refer such of our readers as desire more 
detail concerning the state of the geological world on this point 
during the past half century. 

Such a condition of thought naturally associated orthodoxy 
with one school and heterodoxv with the other. Those who 
essayed to maintain against heavy odds the literal accuracy of 
the Mosaic poem of creation, direct and special, formed the 
party of the Catastrophists^ and were in the majorit}'. Their 
opponents, few in number and weak in position, who supported 
the view that the present fauna and flora of the earth are, in 
some as yet not fully explained way, the direct and lineal de- 
scendants of others previously existing through a vast lapse of 
time, were later known as Uniformitarians» The leading 
scientific apostle of the former was the French geologist, Elie 
de Beaumont. From an examination of the mountain-systems 
of the earth this distinguished savant had deduced the theory 
that all parallel ranges were coeval. By a refinement on his 
theory, which the data were quite incapable of justifying, he 
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announced the occurrence of twenty-nine separate catastrophes, 
each produced and immortalized by one or mpre mountain-sys- 
tems. To each of these he gave a name derived from the ridge 
that best exemplified its direction. Thus he enumerated the 
System of the Longmynd^ of the Pyrenees^ of the Western 
Alps^ &c. All these were laid down on his maps and their rel- 
ative dates determined. E. de Beaumont further maintained 
that each of these mountain-systems had been violently and 
suddenly upheaved with great commotion, and that each up- 
heaval had been accompanied with catastrophe so wide-spread 
and disastrous as to utterly destroy all living beings on the face 
of the globe. As a writer of the time has expressed it, 

In the interval following each such deluge creative power was agai|i 
brought into operation and the earth was repeopled with animated creat- 
ures and reclothed with vegetation. But in all cases the animals and 
plants composing the new kingdom of nature, though agreeing with 
those destroyed in their classes and genera, differed from them altogether 
in their species. — Lardner, The Pre-Adamite Earth, 

These views of course rendered great compression of geolog- 
ical time possi))le, and by attributing creation to direct act of 
the Creator averted from their advocates the dangerous odium 
thcologicum. 

It is not necessary to follow into any further detail this once 
famous theory of Mon. £. de Beaumont. Suffice it to say that 
it was the popular theory when Darwin left England in 1831. 
He says, (p. 60) "When I was starting on the voyage of the 
Beagle the sagacious Henslow who, like all other geologiists, 
believed at that time in successive cataclysms, advised me to get 
and study the first volume of the " Principles," which had just 
then been published, but on no account to accept the views 
therein advocated." But the crop that grew from Henslow's 
grain of see^ was other than what the good man wished and 
expected. His pupil remarks, "The very first place in which 
I geologized convinced me of the infinite superiority of LyelPs 
views over those advocated in any other work then known to 
me." 

The views of this great apostle of uniformity^ were, in brief, 
that the earth since its first formation, with which he did not 
deal, has been continuously developing into its present condition 
under the influence of forces still in action aided by almost un- 
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limited time, and that no world-wide catastrophe has ever oc- 
cured to break the chain. After contrasting at considerable 
length his own views with those of his predecessors he re- 
marks : 

It appears clear that the earlier geologists had not onlv a scanty 
acquaintance with existing changes, but were singularly unconscious of 
the amount of their ignorance. With the presumption naturally inspired 
by this unconsciousness they had no hesitation in deciding at once that 
time could never enable the existing forces of nature to work out changes 
of great magnitude, still less so important revolutions as are those 
brought to light by geology. They therefore thought themselves justified 
in indulging their imagination in guessing what might be rather than in 
inquiring what 1*5. The course directly opposed to this method of philos- 
ophizing consists of an earnest and patient study how far geological ap- 
pearances are reconcilable with the effect of changes now in progress. 
It also endeavours to estimate the aggregate result of ordinary operations 
multiplied by time. For this reason all theories are rejected which in- 
volve the assumption of sudden and violent catastrophes and revolutions 
of the earth and its inhabitants. Principles^ 1853, p. 196. 

This was the school of geology on which no longer than 
thirty years ago, theology had laid its ban, and which it de- 
nounced for heterodoxy. 

It is exceedingly interesting and instructive at this point to 
observe the attitude of the great master of the uniformitarian 
school. While boldly maintaining in the face of strong and form- 
idable opponents his theory of the slow and regular development 
of the earth's geography, he hesitates over the application of 
the same principle to the organic world. The outspoken advo- 
cate here becomes a feeble and insinuating apologist. On the 
question of geography Lyell gives no uncertain sound, but 
in the case of biolojjv his notes are shakv. After ranging 
freely over whole continents of inorganic change he halts sud- 
denly, irresolute and staggering, on the brink of the chaotic 
abyss that opened before him when he Jiegan to treat of chang- 
es orjranic. It is almost amusinjj to contrast the confident tone 
of the srreat teacher on the former with his uncertain utterances 
on the latter. In his ''Principles," (Ed. 1853) the greater 
part of which is given to a discussion in maintenance of his views 
on inorganic development, he passes on, toward the close, to con- 
sideration of the fixity or mutability of species. After a long 
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and elaborate review of the whole subject he sums up in the 

following words (p. 6i i ). 

From the above consideration it appears that species liave a real exis- 
tence in nature, and that each was endowed at the time of its creation 
with the attributes and organization with which it is now distinguished. 

In other words he rejects the doctrine of the transmutation 
of species, in favor of that of special creation, and in order to meet 
the objection that no such event had ever been reported, he 
later (p. 705) enters on an elaborate calculation of the chance 
of such an event having been seen by man. "If one species 
only of the animal kingdom died out in forty years, in a region 
of the dimensions of Europe, no more than one mammifer 
might disappear in 40,000 years. 

The extreme caution that was the strongest feature in the 
character of Lyell is nowhere more distinctly shown than here. 
Could he have extended his principle of uniformity over the 
whole realm of creation, organic as well as inorganic, it would 
have given a completeness to his work which it lacked when 
in 1830-53 he published the earlier editions of the "Principles." 
But after a careful examination of Lamarck's theory of the trans- 
mutation of species, it was rejected as baseless, and, no other being 
then in sight, the conscientious geologist preferred letting his 
book go forth without what would have been to many minds 
its strongest attraction. lie was deficient in anticipation — that 
prophetic insight of science — which enables those who pos- 
sess it to look ahead over dificulties and see them all clearing 
away before the principle, in the truth of which they firmly be- 
lieve. This is one of the sublime faculties of the himian mind — 
it develops a faith that overcomes every difHculty, silences every 
objection, holds its own in spite of neglect, opposition and ridi- 
cule, and at length enjoys its reward in full fruition. Such faith 
was not Ly ell's, but it was Darwin's, and he lived to see it end 
in the realization of his predictions.* 

* We have a parallel case at the present day. A certain school of 
evolutionists adopt the views of Darwin in every point but one. They 
admit the development by variation and selection, of all animals ex- 
cept man. For various reasons they hesitate to acknowledge their 
own descent from a lower form. In a ^imilar condition are those 
who insist on the introduction of the "Deus ex machin.V at the be- 
ginning of life. Their faith is not the faith of Darwin. 
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Such was the seed and such the field in which it was sown. 
The copy of the "Principles" that went on board the Beagle 
bore perhaps more and richer fruit than all the rest of the edition. 
We shall see its effects and the reaction of his greater pupil on 
the great master. 

(^To be coniinurd.) 



SOME OBJECTIONS TO THE TERM TACONIC 

CONSIDERED. 

BY N. H. WINCHELL. 

There is a just rule of nomenclature requiring only to be 
mentioned to be approved, which is applicable in considering 
the term Taconic. It is recognized by paleontologists, by 
unanimous practice, its justice being so apparent that there haar 
never been any need to formulate it in words; viz, an author's 
own definition and description of his new species must be ac- 
cepted, instead of that of other investigator^, and, especially, in- 
stead of that of those who have described species nearly allied, 
or that might come into competition with it in any way. A 
corollary to this, equally self-evident, is the right that the author 
has to add to or modify his original description in any manner^ 
even to abolish his species or to erect two or more from the 
original, unless prior to his changing it another investigator had 
discovered and published the necessary corrections, and had 
erected specific names of his own. One other well-known law 
of nomenclature, lately re-affirmed by the International Con- 
gress of Geologists, is that known as the law of priority ; but 
priority that goes into pre-Linnaean literature (the 12th edition 
of Linnaeus, 1766) is considered as having no claims, as priority, 
and if a species from before that date be recognized it must be for 
other reasons. These rules of paleontologists are based on the 
broader right of the ownership of the discoverer^ a right which 
is recognized in all science and in all lav/ whether domestic or 
international, so broad and so fundamental that to generally ig- 
nore it would bring civilized countries again into barbarism, 
where the possession of property is dependent on the possession 
of brawn sufficient to defend it. It is to these rules, therefore. 
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that the term Taconic makes appeal, and in the light of them a 
few objections arc here considered. 

What is the Taconic? 

Dr. Emmons officially announced it in 1842,* but called at- 
tention to the fact that it had been studied, and written about 
in the American Journal of Science many years before, the 
earliest mention being in 1819, by Prof. Dewey .^ "The Taconic 
System^ as its name is intended to indicate, lies along both sides 
of the Taconic range of mountains, whose direction is nearly 
north and south, or for a great distance parallel with the bound- 
ary line between the states of New York, Connecticut, Massa- 
chusetts and Vermont. ♦ ♦ ♦ after passing out of the state 
they are found stretching through the whole length of Ver- 
mont, and into Canada, as far north as Quebec, ♦ ♦ ♦ They 
are not a part of the former group [ The C ham plain group'\ in a 
metamorphic state. ♦ ♦ ♦ We find no fossils in the rocks 
of which I am speaking, ♦ ♦ ♦ they can be regarded in no 
other light than as inferior to the Potsdam sandstone. ♦ * * 
the equivalent of the Lower Cambrian of Sedgwick.'"* His 
diagrams exhibit all unconformity at the passage of his Taconic 
into the rocks of the Champlain division. 

In 1844, Dr. Emmons issued a pamphlet containing a revision 
of his Taconic system. This was subsequently included as a 
portion of his Report on the Agriculture of New 7'ork^ pub- 
lished in 1846. In the mean time his "system" had been antag- 
onized and severely criticised not only by his colleagues on the 
New York survey but by numerous other prominent geologists, 
who, without exception, insisted that the Taconic was the equiva- 
lent of some portions of the New York system in a metamorphic 
state. This objection is the same that had been urged from the 
first, and it was on this point of divergence that Emmons had 
created his system. Nothing new had been discovered by his 

' Geology of New York; second district^ Emmons, 1842, p. 135. 

-* American Journal of Science [1] i, 337; and ii, 246. Prof. Dewey de- 
scribed a section from Williamstown to Troy. This was the first section 
across the Taconic system. At Troy however he notes a change in the 
slates. 

* Geology of New York;^second district, pp. 138-163. 
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opponents; they simply adhered to and repeated their arguments, 
based on old data.* He, however, was not idle, but had re-ex- 
amined all the facts and arguments upon which theTaconic was 
supposed to rest, revisiting many of the localities in the field 
where his earlier investigations had been made, and extending his 
researches to Rhode Island and Maine, and secondarily to Michi- 
gan. In this revision he greatly modified and amplified the 
Taconic system. He availed himself of the law which allows 
a' paleontologist to revise his original description. He does not 
change in the least the original 'nXea^the fre-Potsdam age of the 
system^ but he introduces important internal re-arrangements, 
limits the different members, gives them different mutual rela- 
tions, and describes them all more fully. He now claims that the 
Taconic occupies "the true paleozoic base," — that it, and "the 
slates of the Cambrian," notwithstanding the announcement of 
Mr. Murchison that the whole of the Cambrian is covered by the 
Silurian, are marked by "the existence of peculiar fossils on both 
sides of the Atlantic." He gives diagrams of the strata that 
exhibit the unconformity of the Taconic with the Calciferous 
sandrock, the great difference in age between the Taconic and 
the Hudson River slates, mentioning fossils of the latter and of 
the Trenton within the general area of the Taconic, and calls 
attention to this anomalous fact. These sections run eastwardly 
from Whitehall, and Grccnbush, N. Y. In this revision he de- 
scribes and figures two new trilobites as characteristic of the 
Taconic — Atofs trill neatus and Elllptocefhala asaphoidcs^ in 
which he preceded, both in the generic and the specific names, 
all other designations of these fossils, though tjie generic names 
have since been remt)vcd by Mr. Walcott and replaced respect- 
ively by Ptychoparla and 0/^;/^////j described several years later.* 
These are now well-known as primordial trilobites, belonging in 
the "Georgia formation" of Vermont. They were found by 
Dr. Fitch in Washington county N. Y. near the base of Bald 
mountain. 



' Among his opponents, some of whose opinions he quotes at length, 
Dr. Emmons mentions Mather, Hitchcock, Dana, H. D. and W. B. Rogers 
and Murchison. 

2 Bulletin No. 30, U. S. Geol. Surv. 
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Objection Nv. 2. 

The old objection which was at the first urged against the 
Taconic still survives, and is urged principally by Prof. Dana. 
// is the equivalent of strata above the Potsdam, and only that^ 
and comes into conflict ivith the term Silurian, Anyone who 
examines Prof. Dana's papers, extended through the volumes 
of the American Journal of Science, from 1870 to this date, will 
quickly learn that the basis of all his opposition to the Taconic, 
and the mainspring of all his able investigations in the rocks 
lying in Vermont and western Massachusetts, is that conception 
of the Taconic which he acquired in 1842, on the publication of 
the geological report of Emmons on the second district. This 
he distinctly affirms in his letter to Mr. Billings in 1872,' where 
he defines his idea of " the true Taconic." In thus restricting 
Mr. Emmons to his first published description of the Taconic, 
he violates one of the above mentioned canons of nomenclature. 
This is a sufficient answer to this objection, but, it appears that 
even ivith that restriction^ if exact justice be done to Dr. 
Emmons, he may be allowed to include the primordial strata 
along with those which arc post-Potsdam, in the Taconic of 
1842. He defines its geographic area to extend from the Hoosic 
hills on the east to the limits 'bf "the New York transition .svs- 
tcm on the west." He did not attempt to give exact geographic 
definition to his system in that report. It was impossible. He 
relied on the fundamental idea of his system, and stated that 
there were " great perplexities as regards the true limits of 
either system." (p. 137). 

But Dr. Emmons had a perfect right to remodel his strati- 
graphic scheme, and to extend or restrict it,- and no one objected 
to it till 1872. It was found that at the same time with the 
change, he actually demonstrated, by the aid of Billings and 
Barrande, that his system embraced strata that were pre-Pots- 
dam. The question whether the details of his scheme were 
right, or whether he "blundered" in interpreting the complex 

* Am. Journ. Sci. (3) iii, 468. 

* Mr. Sedgwick found similar difficulties in the stratigraphy of tlie 
Cambrian^ and introduced some clianges subsequent to hi** first descrip- 
tion. 
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stratigraphy (so complex that to this day it has not been entirely" 
unraveled,) has no bearing on the merits of this controversy. 
This was the view that was at once adopted by nearly all the 
geologists of America and Europe. It was unfortunate that in 
this country, at that time ( 1859-60), geological literature and 
the ways and means of expressing geological opinion were not 
in the control of his friends. Dr. Emmons went to North Car- 
olina and died there during the war of the Rebellion. 

Objection Uo* ^. 

// includes strata that lie both above and beloiv the Potsdaniy 
and owing to the uncertainty^ how much of each^ the term bet- 
ter be abandoned. In answer to this it should be sufficient to 
say that if Dr. Emmons be granted the privilege of the first 
rule of nomenclature above-mentioned, there can be no uncer- 
tainty as to whether the Taconic embraces post- Potsdam 
strata. He expressly exempts all post-Potsdam strata. He 
calls attention to the existence of post-Potsdam fossils in the 
general area described as Taconic. The stratigraphic uncer- 
tainty which is here alleged is that which has been created by 
his opponents, and principally by those who insist that his origi- 
nal definition of the Taconic is the only valid one. Further- 
more the geographic uncertainty is rapidly disappearing. It 
began to decline when Logan admitted that "there must be a 
break," and finally disclosed the "great Appalachian fault.'* 
It has rapidly diminished, and has now almost disappeared, under 
the enlightening researches of Dana, Ford, Dwight, Walcott 

and others. 

Objection No* ^ . 

It is the equivalent of the ^'•Lower Potsdam^'* recognizec[ 
by Billings^ which is the older designation. Admitted; but 
the term Lower Potsdam had no right to exist. It was a go- 
between, intended to avoid taking sides, and was abandoned hy 
Billings. The great Georgia formation or the "Lower Potsdam,-'^ 
according to Mr. Walcott contains the fauna of the upper Ta- 
conic of Emmons and this fauna includes in America no less 
than forty-three genera and one hundred and seven species of 
primordial fossils.* 



* Bulletin No. 30, U. S. Geol. Survey 
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Objection No* 4* 

It is partly Archaean and partly primordial and cannot be 
assigned to any definite horizon. Dr. T. Sterry Hunt has in- 
sisted on a "Taconian" formation, lower than the primordial 
zone. He has steadfastly sustained the Taconic system, but has 
divided it between the "Taconian" and the primordial. This 
downward extension of the Taconic into an Archaean terrane 
seems, however, to have been negatived by the recent researches 
of Mr. C. D. Walcott, who has stated that the lowest portion 
of the Taconic of Emmons contains orimordial fossils,* and be- 
longs to the "Georgia" formation. 

Objection No. j. 

The term better be abandoned because it has caused trouble 
enough already. It would be an analogous reply to insist on 
its adoption, because its rejection has caused trouble enough 
already. But whether rejection or adoption be the result, the 
trouble that may be caused in reaching a settlement, should plav 
no part in the process. The arbitrary suppression of an unset- 
tled problem in science, is not the best step to insure quiet, and 
obviate "trouble." The scientific spirit scorns "trouble," and 
attacks the most mountainous obstacles. The "trouble" must 
be suppressed by a correct solution and a just settlement. 

Objection No, 6, 

It ts an inheritance of the dim and distant past^ and cannot 
Se understood with any unanimity by the present generation. It 
is pre-Linncean and mythical. It is to be admitted that the term 
is a trifle older than the terms Cambrian and Hudson River, as 
a semi-geological designation,^ but it was ofiicially published 
first in 1842, and many American geologists now living were 
present at its birth. The literature is all extant. Every fact 
•can be avouched or disproved. It is mythical, moreover, only 
to those who are opposed to its recognition. 

• 

Objection No, 7. 
The Taconic is primordial^ and later in use than the Cam- 

' Am. Journal of Science. (3), xxxiii, 153. 

2 Notes on classification and nomenclature. N. H. Winchell, Am. N at- 
uralist, August, 1887. 
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brian^ and was so admitted by Z)r, Emmons, Hence Cambrian 
should be used instead. It is true that Dr. Emmons employed 
the following words in his first publication of the Taconic sys- 
tem : " The Taconic rocks appear to be equivalent to the Lower 
Cambrian of Prof. Sedgwick, and are alone entitled to the 
consideration of belonging to this system, the upper portion 
being the lower part of the Silurian system."* Prof. Dana has 
interpreted this to mean^ that Emmons would divide his system 
between the Cambrian and the Silurian. By "upper portion" 
Prof. Dana would have Dr. Emmons imply the upper portion 
of the Taconic, at a time when he had not yet introduced any 
division into upper and lower Taconic. But that is not what 
Mr. Emmons intended to say. He intended to express his sym- 
pathy with Mr. Murchison by saying that the upper portion of 
the Cambrian was the same as the lower part of the Silurian, 
and that the Lower Cambrian rocks of Wales were the only 
ones entitled to the consideration of belonging to the Taconic 
system. The expression is ambiguous, but its true meaning 
would be made evident if instead of "and" Dr. Emmons had 
used the relative word which^ so that the clause would read 
nvhich are alone entitled to the consideration of belonging' to this 
system. This statement of Dr. Emmons has been taken to 
mean that he recognized, and intended to express, the priority 
of the term Cambrian. But this is a forced, and not a legitimate 
inference. Two collaborators on a subject may refer back and 
forth to each other's work without involving the question of 
priority. Mr. Sedgwick in 1855 could have referred in the same 
terms to tKe Taconic without implicating himself in the ques- 
tion of priority. He could have said with perfect propriety 
" The Lower Cambrian rocks appear to be equivalent to the 
Taconic of Dr. Emmons," and he would not thereby necessarily 
have given assent to the priority of the Taconic. On the con- 
trary, Dr. Emmons simply desired to exemplify by a compari- 
son with a formation which Prof. Sedgwick was working on, 
his own Taconic system. He had known the Taconic rocks 
for twenty years. He had read the treatises of Dewey, Hitch- 
cock and Eaton in the American Journal of Science since 1819, 

* Geol. of New York, 2nd district, p. 163. 
2 Am. Journ. Sci. (3) iii, 469. 
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all dwelling at length on the "rocks of the Taconic range," 
grouped as a distinct terrane, and it is not probable that, with 
that exact knowledge he had of current literature, American 
and European, he would have fallen into -such an anachronism. 
The most that can be claimed adverse to the Taconic, based on 
this expression, is that Dr. Emmons admitted that at the date 
of the writing of his official report he knew that the Cambrian 
hai been announced by Sedgwick. But the "rocks of the Taconic 
range" had been well known under that designation, long be- 
fore they were specifically erected into the Taconic system. 
That designation had the same force, and as much right to rec- 
ognition as a geological entity, as a similar use of the term 
"rocks of the Longmynd hills," or "rocks of the Helderberg 
mountains." One became, by an easy change in terminology 
the Longmyud rocks^ and the tipper and lower Helderberg 
rocks^ and the other was changed to Taconic system. 

This objection could be answered further by saying that the 
Cambrian as defined by Sedgwick did not include a primordial 
fauna, and was not intended to, and has no right therefore to it. 
Its place is the horizon of the second fauna.? Its stratigraphic 
scheme included rocks both of the first and of the second faunas, 
but Sedgwick would not admit that his Cambrian included any of 
the primordial rocks. A similar mistake was made by Dr. 
Emmons. His stratigraphic scheme included rocks both of 
the first and second faunas, but he carefully exempts from it all 
strata known by him to contain the second fauna. Emmons 
aimed to erect the primordial rocks into the Taconic system, 
Sedgwick aimed to erect the second jauna rocks into the Cam- 
brian system. After eliminating like mistakes from the lab- 
ors of these pioneers there is a residuum of fact and correct his- 
toric interpretation which assigns the Taconic to the first 
fauna and the Cambrian to the second.* 

Objection No. 8, 

The primordial strata to which the name may he applied do 
not exist in the Taconic range of mountains and the name is 



' British paleozoic fossils, Sedgwick and McCoy, 1855. 
' Notes on classfication and nomenclature. N. H. Winchell. Ameri- 
can Naturali'it^ August, 1887, p. 693. 
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inappropriate for that reason. It is legitimate here to enquire 
what constitutes the Taconic mountains. Fortunately some old 
*maps and definitions of the Taconic mountains 'exist. Dr. 
Emmons constructed a geological map of the state of New York 
in 1844, intended to accompany his report on the Agriculture of 
New York, but it was never distributed with that volume, and al- 
though printed and delivered by the contractors it had been 
lost.* In the recent removal of some of the effects of the New 
York State Museum into the old capitol at Albany the edition 
was found stored away in a neglected room, and the most of it 
is now in the possession of professor James Hall, who in April, 
1887, distributed copies to the American committee of the Inter- 
national Congress of Geologists. This map shows the distribu- 
tion of the Taconic rocks according to the ideas of Dr. Emmons. 
It is a reprint, in the main, of the map which accompanied the 
first reports, but is changed in the eastern part, to represent the 
Taconic system. This extends in a belt from the south cover- 
ing Columbia, Rensselaer, and Washington counties, and, pass- 
ing into Vermont, forms a belt along the east side of lake 
Champlain and runs into Canada. Topography is a subor- 
dinate feature of this map, but the main mass of the Taconic 
mountains is shown on the boundary line between New York 
and Massachusetts. His description in 1842 ( Geology of the 
cond district, p. 136) is in these words: "Lies along both 
sides of the Taconic range of mountains, whose direction is 
nearly north and south or for a great distance parallel with 
the boundary line between the states of New York, Connecti- 
cut, Massachusetts and Vermont." His description in 1844 contains 
these words: "In Massachusetts and Vermont, as in New York, 
what has usually been denominated the primary range skirts 
the Taconic system upon the east, and forms with it, parallel 
belts of low mountain ranges." Nothing farther is needed 
to show that Dr. Emmons regarded the Taconic hills as ex- 
tending in subordinate spurs and ridges, from the typical region 
many miles further north, passing into Rensselaer and Washing- 

1 Dr. Emmons in some later correspondence referred to the disap- 
pearance of this map, and intimated that it has been surreptitiouslyde- 
stroyed. 
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ton counties; and if it were needed it would only be necessary 
to refer to his having placed Bald Mountain,* and Mt. To- 
by, which are in Washington county, the former the locality 
noted for the first primordial fossil ever discovered and identi- 
fied, within the range of the Taconic. Further, Dr. Emmons 
in refering to the Magnesian slate member of the Taoonic, 
says a "range of mountains composed of this slate extends 
along the western border of Massachusetts and through Ver- 
mont. It often rises to the bight of 1500 feet. This range 
is known as the Taconic range^ and has furnshed the name 
to the system of rocks I am describing."^ Comparing this state- 
ment with the geological map designed to acompany the vol- 
ume, it will be seen at once that in order to follow the Taconic 
range from the place they are represented into western Ver- 
mont, it must pass through Rensselaer and Washington counties, 
and hence must include Bald mountain. Therefore the objection 
is baseless, because the primordial rocks do occur in at least one 
point in the Taconic range. 

Again, it would be premature to exclude the primordial strata 
from the principal part of the Taconic range — viz, those hills 
situated on the boundary line between New York and Massa- 
chusetts. The trend of the discoveries of Mr. Dana and Mr. 
Dwight, it should be admitted, is toward such exclusion ; but 
until those hills have been subjected to a searching inspection 
of their structure, no geologist can affirm with safety that no 
primordial rocks occur there. The very fact that here the hills 
rise to greater hight and embrace far more bulk than elsewhere 
indicates some interruption or irregularity in the strata, and if the 



' The map of Dr. Asa Fitch» accompanying his treatise on Washington 
county in 1849, shows two **Bal^'* mountains, one in Greenwich and one 
at the N. W. corner of Hebron, but the former is the primordial local- 
ity. This map shows the country mountainous, with low spurs of the 
northern extension of the Taconic hills. 

In the final report on the the Geology of Vermont, vol. ii, p. 873, is. 
a description of the Taconic mountains in Vermont in which they aie 
said to run parallel with the Green mountains, and in the southern part 
of the state to be separated into several series that are apparently wholly 
independent of each other, similar to their appearance in Washington 
county, New York. 

^ Agriculture of New York, p. 77. 
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iower hills immediately to the N. E. and S. W. from this main 
mass embrace only strata of the second fauna, there is the more 
reason to expect other terranes involved in the mountains them- 
iselves. 

These objections to the term Taconic being thus obviated we 
may ^t least fairly adopt the conclusion arrived at by Mr. 
Walcott after careful field examination and study of the fossils. 

1. After deducting all the errors the upper Taconic remains 
4is a distinct formation beneath the horizon of the Potsdam sand- 
-stone.^ 

2. The term Taconic is applicable to American strata carrying 
the first or primordial fauna, unless Cambrian has a clear pri- 
ority of usage.* 



ANTHRACITE COAL IN THE VALLEY OF THE BOW 
RIVER, NORTHWEST TERRITORY OF CANADA. 

BY PROF. JAMES A. DODGE. 

I have recently made an analysis of a sample of coal received 
from "The Canadian Anthracite Company," for Mr. A. Pugh, 
Gen'l Manager, St. Paul, Minn. I have Mr. Pugh's consent 
to make the matter public, and at my request he has given me 
some facts as to the locality from which this sample of coal was 
obtained. 

The coal has all the appearance of anthracite. The analysis 
made by me was not a complete elementary analysis, but such 
as I have usually made to determine the character of samples 
of coal. 

ANALYSIS. 

Volatile matter 2.6^ per cent. 

Fixed carbon 86.28 

Ash ■ 11.07 *' 

T*hd pulverized coal was dried at 100° C. before analysis. 
The loss by drying was scarcely appreciable. 

Taking out the ash from the preceding results, and calculating 
to ash-free substance, we have the following figures: 

Volatile matter 2.97 per cent. 

Fixed carbon 97-93 " 

1 Bulletin No. 30, U. S. Geol. Sur., p. 70. 

^ American Journal of Science, (3) xxxiii, 153. 
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The analysis thus shows that the coal is veritable anthracite. 

From the letter of Mr. Pugh, I take the following state- 
ments. 

"This coal basin lies in the valley of the Bow river, in the 
Province of Alberta, Northwest Territory of Canada. We 
have prospected the croppings on the north edge of the basin for 
something like twenty miles. There are a number of seams, 
perhaps twenty or more, in the basin, varying in thickness from 
an inch to fifty feet. ♦ ♦ ♦ ' These veins all dip to 
the south from thirty-two to forty-five degrees, and have a 
sandstone bottom and slate roof." ♦ ♦ ♦ "We have made 
an opening above water level and driven a tunnel 209 ft. at 
right angles with the coal seams, and have driven 3,500 ft. 
of gangways and the same number of feet of headings and air- 
ways." "We have machinery for breaking and preparing the 
coal on the ground." "We have mined, perhaps, 5,000 tons, 
most of which has been sent to the Pacific coast." 

I understand that the Canadian Pacific Railway runs through 

the basin above referred to. 

Minneapolis^ Peb, 20^ 1888, 



A GREAT PRIMORDIAL QUARTZYTE. 

BY N. H. WINCHELL. 

The recent announcement by Mr. Walcott that the "Granular 
quartz" of the Taconic system contains the fauna of the Georgia 
slates of Vermont, provokes a series of reflections that lead to 
interesting and probable generalizations respecting the equiva- 
lents of the Granular Quartz in other parts of the country. 

The Granular quartz of Dr. Emmons' Taconic forms a moun- 
tain range extending northward, through Pownal, Wallmgford, 
and Bristol to Starksboro, Vermont, where, according to the geo- 
logists of the Vermont survey, it terminates abruptly, and the 
name is changed without any intervening strata, to "Red sand- 
rock," and as a red sandrock it constitutes, in their opinion, an 
independent series of mountains, but really unites with another 
spur of the same coming from the southwest. The combined 
series then extends northward constituting the "Red sandrock" 
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mountains. Prof. Emmons regarded these quartzose rocks as 
distinct, and the Red sandsrock as the Potsdam sandstone. But 
there never has been given any good reason for separating them,, 
and it seems now that the work of Mr. Walcott has indissolubly 
united them as one and the same formation. Barrande and 
Billings called attention first to the primordial character of the 
fossils contained in the Red sandstone at Georgia, Vermont, and 
from that time to this there has been a steady increase in that 
fauna, until now it is regarded as the chief member of the prim- 
ordial in America. 

If the "red sandrock," and the granular quartz," constituting 
a mass of hard quartzyte which has a thickness of over a 
thousand feet, be followed westwardly, it is found to rise on the 
west side of lake Chiimplain, and, with a short spur extending 
into Canada, sweeps along the northern and northwestern borders 
of the Adirondack mountains, affording large outcrops on the 
Racket river, and important quarries at Potsdam, m St. Law- 
rence county. Here it has been described by Dr. Emmons and 
named "Potsdam sandstone." His description is so exact and %o 
important that it should be given wide publication.^ 

I shall not enter upon its geological relations, any further than to state 
that in Potsdam, and other towns in which it appears, it uniformly rests 
on the primary strata ; and in po part of the country is there any rock 
which interposes itself between it and the primary, so that it appears here 
as the oldest representative of the transition series. The identification of 
this rock with the sandstones along the south border of lake Ontario 
will be a matter of some difficulty. It is geologically below the transition 
limestone, and never in the northern district alternates with it, but always 
holds the relation of an inferior rock. So much is known of its position, 
but still some doubt remains as to its general relation and to its name and 
place in the series of rocks. Some call it the old red sandstone ; others 
regard it as equivalent to the new, or saliferous rock of Eaton. But our 
business is to describe the rock as it is, and speak of its economical ap- 
plications, leaving some doubtful points to be cleared up by future ob- 
servations. 

This rock is a true sandstone, of a red, yellowish-red, gray and grayish 
white colors. It is made up of grains of sand and held together without 
cement [sic]. Intermixed with the siliceous grains are finer particles of 
yellowish feldspar, which do not essentially change the character of the 
sandstone, but they show the probable source from which the materials 
forming it were originally derived, viz. some of the varieties of granite. 

' Annual report of the geological survey of New York for 1837, p. 214. 
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Unlike* however, most of the sandstones, it is destitute of scales of mica. 
The coloring matter of the rock is evidently oxide of iron, but unequally 
diffused through it, giving it intensity or deepness of color in proportion 
to its quantity. In some places it is almost wanting, which makes it, 
when pulverized, a good material for glass, The grains and particles in 
its composition are generally angular, but where it takes the character 
of a conglomerate, as it dbes in the inferior layers, they are frequently 
rounded. The thicker strata exhibit an obscurely striped appearance, 
owing to prevalence of certain colors in different layers. 

Two properties possessed by this sandstone increase essentially its value 
for all purposes to which it can be applied — its durability which is owing 
to its siliceous character, its evenness of grain and strata which facilitates 
and lessons the labor of quarrying and afterwards saves the expense of 
dressing preparatory to its employment as a building material. Both of 
these characters fit it admirably for every kind of use to which stone is 
ever required. As a firestone nothing can be found better, and if it is 
required for durable public works, as the locks of canals, etc., no material 
can be found better suited for the purpose. 

The strata of Racket river, where the principal quarries are opened, 
rise about 65 or 70 feet above the river. The quarries extend some ten 
miles along this river, which has apparently cut through the rock and 
exposed the strata on each side, dipping to the northwest at an angle of 
about 30 degrees. I have not ascertained the whole thickness of the 
beds. The layers vary in thickness from half an inch to four feet, so 
^hat every variety may be obtained ; and the thicker strata may be split to 
any required thickness for which they may be wanted. Slabs having any 
superficial area which can be used, and of the given thickness, may be 
quarried with ease. The waters from which this sedimentary rock were 
formed, most have been in a perfectly tranquil state to have preserved 
such a regularity and. evenness of surface and freedom from contortion. 
Such a state did not prevail everywhere, even in the immediate vicinity 
of Potsdam, for at DeKalb, in the same formation, there are some very 
remarkable contortions and disturbances. * * * * it appears that 
when the strata were elevated they were frequently fractured for miles 
in a north and south direction, and along the line o! the greatest uplift 
they were in one spnse comminuted, or broken into small pieces. Sub- 
sequently currents of water passing over the whole region further broke 
up and carried away all the loose materials. The result of the combined 
effects of the uplift and of the currents has been the production of long 
narrow valleys, bounded on both sides by perpendicular walls of sand- 
stone, which still stand,, in many instances like regular mason work. 
The fractures usually extend down to the primary strata, and the whole 
stratum of sandstone has been sometimes removed to the gneiss and 
granite. 

That the above is not hypothetical is evident from the rounded corners 
of those portions of the strata which lie along these valleys and also from 
the scratches they received, and which still remain as perfect and f lesh 
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as if they were made yesterday.* Fig. 1 2 [not reproduced] is a transvcrs e 

section of one of the valleys described above. The walls on either side 

are rounded and scratched. Their depth varies from 10 to 100 feet. 

The sandstone of Potsdam bears a land transportation of from 15 to 20 

miles; and at these distances from the quarries it is considered as cheap 

a material for building as brick, and I venture to say there is no stone in 

the state, or anywhere else, equal to it for durability. As regards beauty 

individuals may differ, but there is no stone superior to it in this respect, 

unless it is marble. All the sandstones and freestones which arc brought 

to the New York and Albany markets, crumble more or less, and suffer 

eventually from the weather, but this will resist attacks of all the natural 

agents to which it may be exposed. * * * As a firestone the Potsdam 

sandstone is held in the highest repute. Composed as it is of siliceous 

grains, compacted together by compression, it is calculated to resist the 

highest degree of heat; and as it is uncrystallized it is not liable to crack 

by this exposure. All the furnaces of St. Lawrence and Jefferson counties 

have their hearths of this sandstone. Another use to which I conceive 

this stone may be applied, is for grinding hard bodies, and perhaps it may 

answer for coarse grindstones, and for some particular offices where a 

certain degree of hardness is required it may be superior to the ordinary 
stones. 

From this place this formation strikes across the St. Lawrence 
river toward the northwest, and is represented as far west as 
Bedford in the county of Frpntenac, on the geological map 
of Canada, 1863. 

Thence westward it is lost, and the country Ls represented as 
occupied by the Laurentian. A formation of its persistency of 
character and thickens however can hardly be expected to dis- 
appear so soon, and it is the purpose of this paper to call atten- 
tion to the great probability that the great primordial quartzyte 
of Minnesota and Wisconsin is the same as that described by 
Dr. Emmons at Potsdam. 

In the first pflace all the physical characters that are men- 
tioned by Dr. Emmons, and those that are given by Prof. Hitch- 
cock in the Vermont reports, as belonging to and characterizing 
the "sandstone of Potsdam," are perfectly applicable to the 
quartzyte seen at Pipestone, Minnesota, and the same in Bar- 
ron county, Wisconsin. One might take the description of Dr. 
Emmons in his hand, and, standing on the quartzyte ranges of 




* Dr. Emmons is here evidently describing the well known glacial 
striae which are every wlicre bcavitifvilly preserved on this rock through- 
out the Northwest. 
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southwestern Minnesota, he could read a perfect account of 
the rock he was standing on. I would refer the reader to 
the first annual report of the Minnesota geological survey for a 
somewhat detailed comparison of these widely separate areas 
of this great formation. This similarity was forcibly brought 
to the attention of the writer again in 1884 when at New Or- 
leans. The State of New York had on exhibition there, with 
other things, a set of rock samples. The Potsdam sandstone 
was represented by a block a foot square and about eighti nches 
thick. Struck with the great resemblance it bore to the Pipestone 
quartzyte of Minnesota I solicited of Mr. C. E Hall who had 
the specimens in charge, and received from him the donation 
of this block to the muesum of the University of Minnesota* 
On being placed alongside of similar blocks of quartzyte from 
Minnesota, it cannot be said to differ in any particular. It is 
red, with some interrupted stripings of light red, but it is a com- 
pact though granular quartzyte, and hardly worthy of the name 
sandstone. When subsequently the discovery of .a primordial 
fauna was made in the red quartzyte at Pipestone* there seemed to 
Ix; lacking no important evidence to parallelize these outcrops.* 
In July, 1 887, the writer visited and evamined the rocks of the 
"original Huronian." He was at once convinced of the per- 
fect parallelism of the great quartzyte there displayed with the 
quartzyte of Wisconsin ajid Minnesota, as claimed by the geolo- 
gists of Wisconsin. Some of the details of this similarity will 
be given in a subsequent paper ; and in so far as that identity goes 
he was convinced that the Minnesota quartzytcs also areHuro- 
nian. But what then is this Iluronian quartzyte other than the 
Potsdam sandstone of New York, the red sand rock of Vermont^ 
and the granular quartz of the Tacnoic? Things that are equal 
to the same thing an equal to each other. The Huronian, so 
far as this quartzyte is concerned, is a part of the Taconic; and 
the Potsdam itself is the same, notwithstanding the contrary 
protestation of Emmons, and in harmony with the conclusions 
of the geologists of the Vermont survey. 



* Thirteenth annual report of the geological and natural history survey 
of Minnesota. 

' The Potsdam sandstone is vised in the ne\v part of Colun\bia irtllege 
in New York Citv. 
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What do \vc have then? — a great primordial quartzytc, 
which under different natnes extends from New England, 
through Canada, into Wisconsin, Minnesota and to the Black 
Hills of Dakota. It has also been identified further west, mak- 
ing it in American geology truly a continental formation, 
w^hose simple, persistent and uniform characters not only ren- 
<Ier it readily recognizable but impart to it that feature which 
all continental formations possess. 

Many important and interesting corollaries spring from this 
generalization. 

1. The' Potsdam, as claimed by Profs. Hitchcock and Jules 
Marcou, is a part of the Taconic. 

2. The Huronian is the equivalent of the Taconic, at least 
so far as the common possession of this quartzyte makes them 
identical. 

3. The Barraboo quartzyte, the Barron county quartzyte, 
the Wauswaugoning quartzyte, the Sioux quartzyte and the 
Black Hills quartzyte are identical pai'ts of the Taconic. 

4. This would leave the "black slate" of Bald moun- 
tain and the "Taconic slate" as the only portions of the 
Taconic not proven to be equivalents of some parts of the New 
York series: and if Mr. Walcott's inference that these slates are 
the deep-water equivalents of the off-shore deposits of the 
♦'granular quartz" be correct, no part of the Taconic would 
remain as an independent formation. 

5. If, however, the succession of strata east of the Adiron- 
dack mountains is the same as in the area of the original Huro- 
nian and in northeastern Minnesota, this great quartzyte im- 
mediately overlies, in some places, a black slate and in others 
it lies unconformably on granite; hence the granular quartz of 
Emmons probably belongs above his black slate. ' 

6. The Potsdam quartzyte-sandstone should be sought for 
not only in that part of Canada where it has been represented 
as wanting, but also in northern Michigan where it has been 
supposed to be represented hy the "eastern sandstones." 



Ulrich on Correlation of the Lower Si.'urian. 179 

A CORRELATION OF THE LOWER SILURIAN HORIZONS 
OF TENNESEE AND OF THE OHIO AND MISSISSIPPI 
VALLEYS WITH THOSE OF NEW YORK AND CANADA. 

HV E. O. ULRICH. 
(Coft/ifitfrt/ from the February number.) 

Betls Vin. These beds, thoug^h in both features somewhat 
variable, are easily distinguished from the preceding by their 
composition and color. Their maximum thickness in central 
Kentucky where they have been studied in Mercer, Henry, 
and Fayette counties, is apparently not over twenty feet, and 
seems sometimes to be considerably less. The upper half, con- 
sisting of heavy bedded, gray, granular limestone, is the variable 
member. Its fossils also are few and badly preserved. The 
lower half seems more constant in its thickness, and consists of 
less coarsely granular, thin and evenly bedded layers. • 

Some of the layers of this^ division are readily decomposed 
by carbonated waters, causing subterranean cavities to be formed, 
which in turn give rise to large springs. The latter sometimes 
open at the bottom of deep holes; at other times they pour in 
<jreater or less volume from the sides of small cliffs. 

The fossils, as already stated, are few arid usually unfit for 
fine discrimination, being in most cases either roughly silicified 
or largely destroyed by granulation. Still, in the lower portion, 
the surfaces of some of the thinnest layers are nearly filled with 
^ the shells of a thin and nearly flat form of Strop/iomena^ aAd 
other fossils. Of those that con Id be determined the followinjj 
are of interest in this connection: . 

But hot ref his: succulens Hall. Glyftocriuus ramulosus^ Bill. 

Girvanrlla .</. a. xS^ospira recuri'irostris Hall. 

Hindia sf, a, Ortkisina sp. a 

Beds I \. This division in its lithological characters ' some- 
what resembles the upper half of bed IV, and like it seems to 
be rather local in its distribution. Its thickness in Mercer and 
Boyle counties where it is more distinct than elsewhere, is pro- 
bably not greater than fifteen feet. The layers are massive, sub- 
crystalline or granular, of a grayish color, and charged wiih 
cellulose chert and silicified fossils. The rock disintegrates rap- 
dly and is covered with a thick layer of light red soil, from which 
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the rains wash out the chert and fossils. The latter are in a 
beautiful state of preservation and belong to numerous species^ 
the Gasteropoda being the best represented. 

The best exposure of this horizon seen was found in a cut 
along the Cincinnati Southern R. R. at a point about one mile 
and a half south of Burgin, Ky. Several good exposures were 
also mot with in the vicinity of Lexington, Ky. 

The follov^ing is a list of the principal fossils: 

Buthotrephis? sncculens Hall. Murchisonia pulckra McCoy. 
Stromatocerium pustuhsum Safford. " sumnerensis Safford. 

PhyUoporina granistriaia Ul. Holopea obliqua WnW, 

Ortkis testudtMaria(\QT\ thin form) Cyclora depressaf Ulrich. 
Zygospira recurvirosiris Hall. " minuta Hall. 

Rhynchonella iucrebescens Hall. " parvula Hall. 

Bellerophon troosti Safford (Rare.) Amhonychia intermedia M. and W. 

socialis n. sp. Tellinomya -sp. closely related to T. 

lindsleyi Safford. ntisuta Hall, but larger and 

acuta Sowerby. higher. 

Cyrtolites or Hat us Conrad. Cypricardites Ti'ortkeui n. sp.* 
Metoptoma ungula n. sp. ** haynina Safford. 

Pleurotomaria (Raphistoma) subtili- Matheria tener Bill. 

striata Hall. Modiolopsis uais Bill. 

Pleurotomaria n. sp. a. Conocardium immaturum Bill. 

Murchisonia gyrogonia McCOy. Daimanites callicephalus Green. 

Beds X. To these Mr. Linney has applied the provisional 
name "Upper Birds-eye beds." They have a maximum thick- 
ness in Mercer and Boyle counties of about twenty-five feet,- 
and consist mainly of firm, light or dark dove-colored limestones, 
in from one to two feet layers, with som^of them separated by 
thin seams of shale. Toward the top the layers are lumpy and 
change in color into gray and then bluish, showing also signs 
of slight disturbances. The uppermost layer is generally dis- 
tinguished by the large masses of Stromatocerium ( ?Aabec/iia) 
fustulosupt Safford, which abound in it, while the two or three 
feet below it contain numerous compressed valves and com- 
plete shells of Orthis horealis Billings, and Rhynchonella In- 
crebescens Hall. The dove-colored layers, in their compact 
texture and "Birdseye" structure, closely resemble those de- 
scribed in this paper as beds III. Some of them, the darker 
ones in particular, hold large numbers of Lcfcrdltla and Isoch- 



"* This name is proposed for the shell of which an internal cast is figured 
and described in vol. iii. of the 111. Geol. Surv-. p. 311, plate 3, tigs i)a- 
c^i. Several fine specimens have been obtained from these beds. 
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ilina^ but other fossils are rare. Near the bottom there is a 
massive subcrystalline layer, holding an abundance of Cyrta- 
danta^ Tcllinomya Bellerophon t roost i^ Safford, and Alurch- 
isonta gracilis Salter ( ?Hall). The fossils in this layer are sil-^ 
^ icified and well preserved. Near the top, again, there is often 
.another layer in which the fossils arc siliceous, and in which 
several of those found in lower layers reappear associated with 
fine examples of Tetradium Jibratum. 

Of the thirty or more species of fossils that have been col 
lected from these beds the following should be mentioned : 

Butkoirephis f siuadens HzW. BelleropAott froasti, SsiHord.* 

Teiritdium fibratum Safford. Carinaropsis cunulae Hall. 

** miHorf Safford. Plcnrotomaria cuffcnia Billings. 

♦• columnare Hall. Murchisonia bilictncta Hall 

Siiciopora pau^ra Ulrich. " gracilis Salter (J Hall)- 

Zygosfnra recurznrosfris Hall. " sumnerensis Sanord. 

" nMesta Say, (seems to Tellinomya kartstnlleusts Safford. 

have modified from the preced- Cyfricardites trentoneusis n. sp. 

ing). Leferditia armaia Walcott. 

Rkynckonella iucreheicens WzXX. ** jasepkaua Jone%, 

*♦ procteri^ n. sp. (Like Isochilinajonc$i Wetherby. 

/?. deniata Hall, but narrower 

and with much more promi- 
nent and less'incurved beak.) 

The beds designated as VIII, IX, X, probably constitute local 
divisions of a single series of strata. As, however, south of the 
Kentucky river in central Kentucky each is marked by its -own 
lithological peculiariti^ as well as by a largely different fauna,, 
it seems desirable to treat them sep.irately. In tracing them to 
the north they decrease in thickness and seem to loose their 
identity, or one or two of the members run out. 

Thus, at Lexington, though still distinguishable, they are 
nevertheless more intimatelv connected and thinner than in 
Mercer and Boyle counties. At Cincinnati, as shown by deep 
welj borings, they are represented by only twenty feet of ex- 
ceedingly tough, bluish-drab, limestone, indicating that the 
upper division is the most persistent. In northern Indiana they 
appear to be still further reduced, the hard cap of the Trenton 
being, according to the reports of the drillers, often less than 
five feet thick. 

Some beds exposed in the hank of the Ohio river at Point 
Pleasant, about twentv-one miles south east of the mouth of the 
Licking river opposite Cincinnati O., are referred to this horizon. 
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They have been but little studied and so far as known, contain 
but few fossils, still, enongh has been learned to prove them 
older than any exposed at Cincinnati. 

In central Kentucky the beds under consideration, (particu- 
larly the upper member) are known to contain deposits of bary- 
tes, lead, and zinc, while some of the layers are occasionally 
porous, and hold small cavities filled with petroleum. A thin 
layer of sandstone is also present. Whether the recent tiow of 
gas and oil in Ohio and Indiana is derived from them or from 
the equivalent of the "Blue Grass" beds immediately below 
them,* is an interesting point that remains as yet undetermined. 



The ten beds or divisions so far treated, with the exception 
of VI and VII, consist mainly of more or less heavy bedded 
limestones. On the other hand, in the succeeding l»eds of the 
Lower Silurian series of this area, soft, bluish shales or marls pre- 
dominate, and layers of limestone over a foot in thickness are 
very rare. This lithological change is accompanied by an 
equally marked change in the fauna, since but a few species, 
comparatively, are common to beds X and succeeding deposits. 

The series intervening between beds X and the overlying 
Upper Silurian rocks have been the subject of much discussion. 
In the Ohio geological reports. Prof. Orton divides them into 
two sections, which he calls the Cincinnati and Lebanon beds. 
The first he again subdivides into three port'ons named, in as- 
cending order. River Quarry beds, Eden shales, aud Hill Quarry 
beds. 

In the later Kentucky reports Mr. Linney and others divide 
the series into three sections which they call the lower, middle 
and upper Hudson beds. 

Contrary to the plan usually pursued, several reasons induced 
me to begin their discussion with a tabulated list of the fossils 
whose range in them has been approximately determined. The 
list embraces but a few more than half of the number of species 
known to me, but as the unnoticed forms are in most cases new, 
doubtfully identified, or not fully understood, they could not 
properly be included. Many of them, the undescribed forms 
especially, are characteristic of one or the other of the divisions, 
and thev doubtlesslv more than off-set the number which future 



Ulrkk en Ccrrelalicn cf the Lciver Sihtrian. 



'S3 



research may show lo be less restricted in their range than 
given. 

First, however, it is necessary to state that I divide the series 
into four principal divisions, which in part agree with those 
adopted by both the Ohio and Kentucky geologists. They are 
based upon recognizable though not sharply distinguished lith- 
ological peculiarities, and upon more pronounced faiinal differ- 
ences. The lower two divisions are each again subdivided into 
two minor sections, distinguished as a and 6. All of these ilivis- 
ions will be considered in detail later on. , 

Table of the priscipat, fossils of Beds XI, XII, XIII 

AND XIV, SlIOWINi; THEIR DISTRIBUTION AND RANGE. 
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Glasiia. Some of Ihe fpecimcn* ehow further that the radiating striK 
which ueuall)' mark [he surface are often ver^ obscure and in rare cue* 
entirely absent. Such smooth examples were collected near Vereaillcs 
Ind. 
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■ The genus Cyclaatma is represenUd b^ numerous species in the Cin- 
cinnati rock* which are usualljr thrown together under Conrad's name 
C Mia. The form here indicated bj th^name U figured by Meek in vol. 
I ot the Ohio Pal., pi. 13, fig*. Sf-S^- 
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SINGULAR SUBTERRANEAN COMMOTION HEAR 
AKRON, OHIO. 

BY E. W. CLAYPOLE, 

The hamlet of Sandy Hill about four miles south of Akron, O., 
was somewhat violently shaken during the night of February 9th. 
Several residents were awakened by a loud explosion which shook 
the houses as if an earthquake had occured. Plaster fell from the 
ceilings and the walls quivered. People sprang from iheir beds 
and rushed out to find the cause of the disturbance. Few in 
the immediate neighborhood slept any more that night. The 
district over which the shock was severe was not extensive and is 
thinly inhabited, but several houses stand close to the focus, 
and consequently felt its full force. At Mr. Snyder's several 
fissures in the ground were to be seen extending* across the 
road. At Mr. Thornton's the family were awakened by the noise 
but the house did not sway. Mr. Shwartz who has lived all 
hia life on the spot likened the noise to the report of a cannon. 
That this is not an exaggeration may be inferred from the fact 
that the explosion was heard by two persons in the house of Mr. 
John R. Buchtel, in Akron, more than five miles distant in a 
straight line, and that the register grating was heard to shake. 
The shock Wiis double, the first happening about 9 o'clock on 
Thursday evening and the second between two and three 
o'clock on Friday morning. 

This is not the only event of the kind that has occurred at 
Sandy Hill. In 1S82 and 18S3 similar explosions took place, 
an account of which the writer received from the lips of resi- 
dents when visiting the spot in the summer of 1887. On that 
occasion the cracks in the ground radiated from a centre in a 
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field. Some of them extended for a distance of 200 or 300 
feet from the focus. The largest was described as resembling 
the furrow left by a plough with the sod thrown back. It 
passed under Mr. Thornton's house and reached his barn, about 
100 feet distant, where it ended. Some of the houses — especi- 
ally Mr. Porter's — still show the cracks in the walls and ceiling 
made at that time. The noise, judging from the account, was as 
iond as that made by the recent explosion. 

Another similar case was reported to the writer by Mr. 
Thornton. It happened when he was a boy or about twenty-five 
years ago, but his memory could not supply any details. Nor 
was the writer able to ascertain the exact date of the explosion 
of 1882 and 1883. 

Sandy Hill lies near the North bank of the Tuscarawas river, 
and at an elevation of probably a hundred feet above that 
stream. It is in the region of the terminal glacial moraine 
which extends for several miles north and south of it* The pre- 
glacial valley now occupied by the Tuscarawas is here deeply 
buried with drift, which, judging from the tokens on the surface, 
cannot be less than one hundred feet deep. There is conse- 
quently wo rock very near the surface. 

Of course this phenomenon, though singular, is not of the na- 
ture of a true earthquake. Its limited extent and purely local 
violence exclude it from that category. It more resembles an 
explosion of gas, and to this cause it has been generally attribu- 
ted. During the summer of 1887, acting on this belief, Mr. W. 
Buckmaster of Akron leased several farms with the intention 
of boring for gas, and at his request the writer then visited the 
ground and made a report upon it in which, notwithstanding the 
evident violence of the action, he hesitated to recommend drill- 
ing. Prof. M. C. Read of Hudson, O., also examined the spot 
at the request of Mr. Buckmaster and' made another report. The 
two were in close agreement in all important points. No at- 
tempt has yet been made to drill for gas, the result of several 
holes sunk in 1887 failing to justify the hope that had been lo- 
cally excited by reports from other places. Out of four wells 
near Akron only one yields a supply of any value, and that one 
does not probably give more than 50,000 feet a day. 

The true explanation appears to be that there is a small sup- 
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ply of natural gas accumalating underground at this point. In 
ordinary times it leaks away into the air unnoticed. But in win- 
ter when the ground is frozen and its escape is prevented, it accu- 
mulates beneath the crust yntil its pressure rises high enough to 
burst it with explosive violence. In this way the cracks in the 
ground, the shock and the loud noise may be fully accounted for. 
In considering this explanation it must be borne in mind that 
gas wells of very moderate yield will, when closed, develop 
an enormous pressure which, however, rapidly subsides on open- 
ing the mouth of the bore-hole. There is also the possibility 
that the gas does not come from the black shale — the usual 
source of Ohio gas — but from some local bed of vegetable mat- 
ter contained in the thick drift of the Tuscarawas valley. Ly- 
ing also at a distance of several miles from any place where the 
product could be used the heavy cost of piping must be encoun- 
tered. These and other similar considerations render it doubtful 
if commercial success would attend any efforts to win gas. Yet 
geologically it would be very interesting to find out the exact con- 
ditions which lead to results so singular, and which have seldom 
if ever been reported elsewhere so far as the writer is aware. 



EDITORIAL COMMENT. 



PROF. JUDD ON THE LAVAS OF KRAKATOA. 

In the London Geological Magazine for January 188S Prof. 
J. W. Judd discusses the lavas of Krakatoa and compares them 
with those of Santorin in the Mediterranean sea, of Buffalo 
peaks,' Col. and of the Cheviot hills in the north of Englan J. 
All these consist, he states, of a porphyritic mass composed of a 
colloidal glassy base with crystals of felspar, enstatite, augite 
and magnetite. The chemical composition of the base and that 
of the crystals differ but slightly in all these lavas but their rela- 
tive quantity varies from 90 per cent to 10 per cent. The na- 
ture of the rock as a whole therefore varies from a distinctly 
acid to a distinctly basic magma. 

Prof. Judd next shows that all the lavas from Krakatoa 
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though agreeing in chemical composition present three distinct 
mineralogical types due to the different conditions of the glassy 
matrix. In the first devitrification has proceeded so far that the 
matrix is a stony dull reddish-gray mass crowded with micro- 
Htes. In the second the matrix consists of black pitchstone and 
in the third it is an almost perfect amber-brown glass, or 
obsidian. The last of these on treatment before the blowpipe 
melts and swells up, evidently containing some volatile ingredi- 
ent, the presence of which has changed most of the obsidian 
into pumice in the field. Prof. Judd next discusses the effect of 
the presence of water in lowering the fusing point of rocks and 
quotes from the late F. Guthrie a tabic showing how the fusing 
point of nitre was reduced from 320° C. to 97° C. by the addition 
of about 40 per cent of water. A legitimate inference from 
this experiment seems to be that aqcuous and igneous fusion 
merge into one another so that no line can be drawn between 
them. 

Prof. Judd concludes with the remark that if to a mass of 
nitre lying in the crust of the earth at a temperature of 290° C. 
water should find access, its fusion would certainly follow, and 
that the same result might be looked for in the case of a mass 
of mixed silicates without any rise of temperature. 

PREGLACIAL MAN. 

The controversy over the so called preglacial man between 
Dr. Hicks on the one side and Prof. Hughes on the other, which 
has been going on for some months, is continued in the same 
number. For the clear comprehension of the argument Dr. 
Hicks should define exactly what he means by the term pre- 
glacial? It may imply "altogether anterior to the ice-age,'* 
"anterior to the liast ice-age," or "anterior to the last stage of the 
last ice-age," and it is .impossible to form an opinion from 
the published evklence, without knowing in which sense the 
term is used. Prof. Hughes appears to be unnecessarily scep- 
tical on the subject of preglacial man (using the term in the 
second of the senses given above) or intergla^ial man as he 
should be called. There is little doubt that we shall soon be 
justified in recognizing such a stage in human history as a reality. 
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judging from the evidence slowly coming to light in different 
parts of the world. 

So far as it is possible to decide from the printed testimony 
Dr. Hicks has made out a good case in the Cae-Gwyn cave for 
inter-glacial man but it does not appear to us that his evidence 
proves human existence in pre-glacial time. 
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Geology and mining industry of Lcadinile^ Colorado^ ixnth atlas. Bjr 
Samuel Franklin Emmons. (Monographs of the United States geolog- 
ical survey; volume xii). The work which is here reported on was begun 
in 1879, under the direction of Clarence King, the first director of the 
United States geological survey. The letter of transmittal is dated Oct. 
I, 1885, although the report was essentially completed four years ear- 
lier, when a full "abstract" of it was published in the second annual 
report of the director of the survey. The volume is very largely from 
the hand of Mr. Emmons, including the general and descriptive geo 
logy, and the discussion of geological phenomena. The entire descrip- 
tion of the mining industry is also by Mr. Emmons. The petrography is 
by Whitman Cross, the chemistry by W. F. Hillebrand and the met- 
allurgy by 'Anthony Guyard. The atlas was prepared under the di- 
rection of A. D. Wilson, chief topographer, and the paleontological de- 
terminations were made by Mr. R. P. Whitfield. It is useless to attempt 
iiere an adequate account of this admirable volume and the atlas 
which accompanies it. It compares most favorably with other volumes 
of the series which have been issued by the survey. The author gives 
the following brief outline of results of the study. 

The mosquito Range, the study of whose geological structure formed 
a necessary basis for that of the ore ileposits of the Leadville region, is 
the western boundarv of the South Park, and has thus been considered 
from a topographical standpoint to form part of the Park Range. Geol- 
ogy shows, however, that in Paleozoic times the boundaries of the de- 
pressions now known as the parks were formed by the Archean land 
masses of the Colorado Range on the east and of the Wasatch and its 
•continuation to tiie north, the Park Range on the west, and that the uplift 
of the Mosquito Range did not occur until the close of the Cretaceous. 

Prior to this uplift the various porphyry bodies, which now form a 
prominent feature among the rock formations of the region, were intru- 
ded into the sedimentary beds deposited during Paleozoic andMesozoic 
limes, spreading out between the beds and sometimes crossing them, 
}>ut being most uniformly distributed at the top of the Lower Carbon- 
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iferous or Blue Limestone. It was in this limestone that the greater 
part of the ores were deposited, and the original deposition must have 
taken place after the intrusion of the porphyry and before the uplift of the 
range. 

In the uplift of the range both eruptive sheets and sedimentary beds, 
with the included ore deposits, were plicated and faulted, and by sub- 
sequent erosion an immense thickness of rocks has been carried 
away laying bare the y^ry lowest rocks in the conformable series; the 
outcrops are, however, frequently buried beneath what is locally called 
**wa8h," a detrital formation of glacial origin. In the Leadville region, 
owing to the reduplication caused by faulting, a series of outcrops of 
easterly dipping beds of the Blue Limestone are exposed beneath the 
wash, of which all are metalliferous and a considerable proportion carry 
pay ore. 

The principal ore deposits of Leadville occur, as above indicated, in 
the Blue Limestone and at or near its contact with the overlying bodies 
of porphyry. The oret consist mainly of carbonate of lead, chloride 
of silver and argentiferous galena, in a gangue of silica and clay, with 
oxides of iron and manganese and some baritc. These materials are 
mainly of secondary origin, and result from the alteration by surface 
waters of metallic sulphides. 

The study of these deposits has shown: i,that they were originally 
deposited as sulphides, and probably as a mixture, in varying proportions, 
of galena, py rite, and blende ; 2, that they were deposited from aqueous so- 
lutions: 3, that the process of deposition was a metasomatic interchange 
between the materials brought in by the solutions and those forming the 
country rocks, consequently that they do not fill pre-existing cavities; 
4, that the ore currents from which they were deposited did not ».!ome di- 
rectly from below, but were more probably descending cuneiits; and 5, 
that these currents probably derived the material of uliich the ore de- 
posits are formed mainly from the porphyry bodies which occur at hori- 
zons above the Blue Limestone. 

Inasmuch as the ore currents did not t:omc directly from below, it is 
not advisable to search for ore below the Blue Limestone horizon. 
This horizon, however, should be thoroughly prospected, and the maps 
and sections show its probable position in the as yet vmcxplored areas; 
the explorations, moreover, should not be confined to the upper surface of 
this limestone, but carried into its mass wherever there are indications of 
ore, and especially along the contact of tran verse bodies of gray porphyry. 
The probabilities are that very considerable bodies of ore remain as yet 
undiscovered, and the most promi-^ing areas for prospecting are indica- 
ted. It is also probable that as the distance from the surface increases 
the ores will be found less altered, and that thev will therefore be less 
easily reduced by the smelting processes now employed. 

Note on fossil wood and other plant remains^ frotn the Cretaceous and Ltur- 
iimie formations of the luestern territories of Canada, By Sir WiLi.iiiif 
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Dawson. (From the Transactions of the Royal Societjr of Canada; read 

About sixty distinct trees, most of them found in sitUy from the Bellj 
River, Fort Pierre and Laramie groups, have been examined in thin 
slicea by the author. He forbears to add any specific names, but remarks 
tint they probably have all been described before from specimens of 
their leaves and fruit. He refers them all to their generic names only. 

In the Belly River and Fort Pierre series he identifies 5'i;^ik»V7, the *^ big 
tree" of California, and the "redwood" of California; TaxUesy 3'ew; 
Ginkfro^ similar to the Chinese ginkgo; Thuja^ arbor vitse; a Piuus or 
it^V5(?), pine or spruce; Betula^ Populus^ Carya^ Ulmus^ Platantis(^l^), 

From the Laramie he identifies the same two types of Sequoia^ the 
same Taxites^ the same Ginkgo^ Tkuja^ and Pinus (?). He also here finds 
Juglans^ Betula^ Pofulus^ Acer, 

Other plants are as follows, from the Laramie, Onoclea 'sensibUis Lin, 
Sequoia couttsice Heer, Podocarfites tyrrellii n. sp,^ Pqpulus arcticaHeer^ 
and P. ffenetrtx Newb., and nervosa^ Salix laramiana Dn., Carya antiquorum 
Newb., Nelumbium saskatckueuse n. sp., Trapa borealis Heer, Viburnum 
saskatchuense n. sp., Vibernum asperum Newb., and a Sapindus which is 
near S, obtusifolia Lesq. 

The author remarks in conclusion : 

An important geological consequence arising from this is, that the 
period of warm climate, which enabled a temperate flora to exist in Green- 
land, was that of the later Cretaceous and early Eocene, rather than, as 
usually stated, the Miocene. It is also a question admitting of discussion 
whether the Eocene species of latitudes so different as those of Greenland, 
Mackenzie river, N. W. Canada and the western states, were strictly 
contemporaneous, or successive within a long geological peorid in which 
climatal changes were gradually proceeding. The latter statement must 
apply at least to the beginning and close of the period ; but the plants 
themselves have something to say in favour of contemporaneity- The 
flora of the Laramie is not a tropical but a temperate flora, showing no 
doubt that a much more equable climate prevailed in the more northern 
parts of America than at present. But this equability of climate implies 
the possibility of a great geographical range on the part of plants. Thus, 
it is quite possible, and indeed highly probable that, in the Laramie age, 
a somewhat uniform flora extended from the arctic seas through the 
great central plateau of America, far to the south, and in like manner 
along the western coast of Europe. It is also to be observed that, as 
Gardener points out, there are some differences indicating a diversity of 
climate between Greenland and England, and even between Scotland 
and Ireland and South of England, and we have similar differences, 
though not strongly marked, between the Laramie of northern Canada 
and that of the United States. When all our beds of this age, from the 
Arctic sea to the 49th parallel, have been ransacked for plants, and. when 
the palseobotanists of the United States shall have succeeded in com- 
pletely unravelling the confusion which now exists between their Lara- 
mie and the Middle Tertiary, the geologistof the future will be able to 
restore with much certainty the distribution of the vast forests which, in 
the early Eocene, covered the now bare plains of interior America. Fur- 
ther, since the break which, in western Europe, separates the flora of 
the Cretaceous from that of the Eocene, does not exist in America, it 
will then be possible to trace the succession of plants all the way from 
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the Me80zoic flora of the Queen Charlotte islands and the Kootanle 
leries, described in previous papers in these Transactions, up to the close 
>£ the Eocene, and to determine, for America at least, the manner and 
conditions under ivhich the angiospermous flora o£ the later Cretaceouft. 
Ittcceeded to the pines and cycads which charactensied the beginning of 
aie Cretaceous period. 
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Hamline University at Hamline Minnesota has re- 
cently erected and occupied a "Science Hall.'* The building is 
of red brick with brown stone trimmings and consists of a main 
portion in front about fifty feet by thirty, three stories high, and 
a rear extension one story high. The main or front building is 
•divided into two parts by a central hall and each of these divided 
furnishes four large rooms on the first and second floors. The 
-cast side of the second floor and the entire third floor arc devoted 
to the department of biology and geology. The rooms thus 
furnished are a large lecture room, a large well-lighted labora- 
tory, a small preparation room on the second floor, and a large 
museum room on the third floor for present occupation, with 
additional space on the west half of the second floor when re- 
quired. The extension, one story high, completely shut off 
from the main part by solid brick walls and sheet iron doors, 
is entirely given up to the departments of physics and chemis- 
try. It is divided into lecture room, preparatidn room and 
private laboratory, apparatus room, general laboratory and bal- 
ance room. Beneath the first floor, under the extension, there 
is a high basement finished in a number of small rooms for the 
use of the physical department as required; and under the front 
part a large gymnasium. 

Prof. J. W. Spencer, late of the University of Mis- 
souri, is engaged in an independent investigation of the beaches 
^nd basins of the great lakes. His address is Ann Arbor, Mich. 

Dr. C. T. Lindley, Davenport, Iowa, whose valuable 
cabinet of natural history was destroyed by fire Nov. 9th, last, 
is trying to renew it, and solicits duplicates from such geologists 
and naturalists as have them to spare. The great collection was 
deposited in the state orphan's home at Davenport, and the 
building was fired by a stroke of lightening. 

Prof. Alleyne Nicholson describes in the London Geol. 
Mag. certain indistinct forms not at present referable to any geol- 
ogical group, but contributing largely to the building up of some 
of the palaeozoic limestones. They belong to the genera Mitch- 
eldeania of Wethered Solenopora of Dybowski, and Girvanella 
of Etheridge and Salter. To each of the first and third a single 
new species is allotted, and under the second are described two. 
But as the figures arc necessay for a full comprehension of the 
paper, the reader is referred for further detail to the original. 
Mr. T. M. Readc also calls attention to the permanent elonga- 
tion of terra cotta, under changes of temperature. This elon- 
gation has the effect he says of raising a coping into a long, low 
anticline if the ends are secured, or of thrusting out and cracking 
the piers, if their stability is unequal to the pressure. He sug- 
gests its practical bearing on the subject of mountain building. 
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NOTES ON SOME DIABASE DYKES OF THE RAINY 

LAKE REGION. 

BY ANDREW C. LAWSON, M. A., 
Geologist to the Geological Survey of Canada, 

The most recent of the crystalline rocks of the Rainy lake 
region are comprised in a series of strong dykes of comparatively 
fresh diabase which are observed to cut, at different localities, 
the various members of the Archaean complex of formations. 
These dykes are not infrequent throughout the country lying 
between the eastern confines of the first prairie steppe, which 
forms the basin of the Red river of the North, and the western 
border of the area of Animikie and later formations of the lake 
Superior basin. Their occurence and some of their characters 
are briefly referred to in my report on the Lake of the Woods 
region.' As there observed, the occurence of these dykes cut- 
ting the older folded rocks, which in their eastward geograph- 
ical continuation, pass under the flat-lying Animikie and Ke- 
weenawan formations, is suggestive of their possible connection 
with the bedded traps that form so large a part of the two lat- 
ter geological series. With the question of the possible identity 
of character and age of these dykes with the traps of the An- 
imikie or Keweenawan, or of both, is associated the equally in- 
teresting one of the extent of the earth's surface, over which, in 
early geological times, were in simultaneous operation,- those 
particular volcanic forces which appear to have had their focus 
in the lake Superior basin. 

The more notable field characters of these dykes are : their 

'Geological and Natural History Survey of Canada ; annual report, 
1885, p. 41 CC, p. 47 CC. 
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common strike throughout the region from N. W. and S. E. to 
N. N. W and S. S. E.; the sharp, well defined nature of the 
gash or fissure which they fill, no matter what may be the char- 
acter of the country rock ; the absence of inclusions of the country 
rock, or of apophyses of the dyke running into it, except in very 
occasional instances; their generally uniform width under dif- 
ferent conditions of occurrence in different localities, the limits 
being as a rule 60 and 150 feet; their continuity for one or several 
miles where exposures permit them to be traced; their passage 
from a very compact, aphanitic, black rock at the immediate 
contact with the dyke walls, by insensible gradations to a very 
coarse-grained, mottled, dark gray rock in the middle of the 
dyke; an occasionally observed peculiar pitting of the weathered 
surface, arranged in straight, more or less uniformly spaced lines 
transverse to the strike of the dyke ; their prominent, steeply 
rounded, or domed, glaciated surfaces in contrast to the more 
gently inclined roches moutonnees of the schists and gneisses; 
their assumption of brownish tints on surfaces aerially weath- 
ered; (surfaces beneath high water mark of the lakes are gener- 
ally quite fresh and black.) 

These dykes have as yet received only a preliminary study, 
and it will require a much more extended examination of the 
country in which they occur and a much more elaborate inves- 
tigation of their petrographical characters before a comprehensive 
statement of their geological relations can be formulated. A 
few notes regarding the microscopic features of these dykes, 
taken together with what has been said of their field occurrence, 
may however, be of interest, and will serve as a report of progress 
of what is being done in this line of investigation in the field 
west of lake Superior.^ 

One of the most characteristic of these dvkes is one that trav- 
erses the coarse granitoid gneiss of the west arm of Jackfish 
lake, which lies to the north-west of Rainy lake. Its width 
is 1 35 feet and its contact with the country rock is well exposed 
as a sharp line. From a macroscopic examination the gneiss 

* These rocks were studied microscopically in the laboratory of the 
Johns Hopkins University, Baltimore, under the guidance of Prof. G. H. 
Williams, for whose kind advice and assistance the writer desires to ex- 
press his grateful acknowledgments. 
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does not appear to have been altered perceptibly towards the 
contact. Specimens for microscopic examination were taken 
from different parts of the dyke, viz., at 60 feet, 20 feet, and 6 
feet from the contact, and at the contact. At 60 feet from the 
contact, the rock is a coarse-grained mottled gray rock in which 
dirty white feldspar and black pyroxene are the prominent con- 
stituents. Under the microscope it presents the characters of a 
coarse-grained, comparatively fresh diabase. Augite of a pale 
mauve tinted gray colour is abundant and often occurs in masses ^ 

that fill the field of the microscope when low powers are used- 
Sometimes these plates of augite are individual crystals. For 
the most part however, they are not single individuals. When 
examined between crossed nicols the plate of augite is seen at 
once to be resolved into an intimately interlocking mosaic of ir- 
regularly shaped grains of diverse optical orientation. In or- 
dinary light the boundaries between the different members of 
these ^^polysomatic''* masses of augite are traceable only with 
difficulty and uncertainty. There is no interstitial matter what- 
ever, the different grains being as intimately associated as in the 
case of interpenetration twins of feldspar. That the^ are not 
twins is shown by the fact that there are often as many as 
half-a-dozen grains all of different orientation thus combined 
in the same mass. "The cleavage, by its lack of continuity 
over the field, of course indicates a difference of orientation 
in different parts of it, but the cleavage traces are not strongly 
marked, and attention is only directed to the discordance 
of the cleavage after the polysomatic character of the mass 
has been rendered prominent by the analyzer of the mi- 
croscope. This polysomatic structure of augite does not ap- • 
pear to be common. Rosenbusch does not mention it in his 
last comprehensive summary of the present state of pctrograph- 
ical knowledge.' The nearest approach to this* structure that is 
at all well known is the polysomatic character of some chondri of 
olivine in certain meteorites such as are figured by Tschermak' 



^ Adapted from Tschermak's use of this word as applied to a similar 
structure in the olivine of certain meteorites. — V. Die Mikr. Beschaff. der 
Meteor. Stuttgart, 1885. 

s Mikr. Phys. der Mineralien und Gesteine; Stuttgart, 1886. 

» Die Mikr. Beschaff. der Meteor. Stuttgart, 1885, Taf. xv.. Figs, i and 2. 
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and Wadsworth.* Olivine in a similar condition in terrestrial 
rocks has recently been described and figured by R^nard in 
specimens from Kerguelen island in the Indian ocean.' The 
polysomatic structure in augite is not so well known. Rdnard 
notes that the augitcs of the feldspathic basalt of Heard island, 
Indian ocean, are grouped together at certain points,' and again 
in the same rocks in Marion island that the augite is characterized 
by a tendency to form groups of individuals having their vertical 
axes parallel.^ Teall mentions "granular aggregates "of augite 
in the Hett and the High Green dykes in the north of England.* 
Some of these appear from the figures given to be aggregates 
of grains of augite not in cIqsc juxtaposition with an interstitial 
base, although that figured in plate xii, fig. 5, would seem to 
be a polysomatic augite, and if so is the only strictly parallel 
instance that I can find of this structure so common in this dyke 
and in others of the region. 

The augite is generally altered to hornblende at its periphery 
and occasionally the latter mineral entirely replaces the former. 
The process of alteration does not appear to proceed along the 
almost or quite imperceptible lines of demarkation. between the 
different individuals of the polysomatic augite, but extends from 
the periphery of the mass as a whole in towards its centre. 

The plagioclase appears in two general forms, a rather stout 
'or tabular form which is the larger and usually the more cloudy 
with decomposition products, and a small long lath-shaped feld- 
spar which appears quite fresh and in which the polysynthetic 
lamellae are much more distinct than in the former. 

Magnetite occurs in irregularly bounded masses or is dissem- 
inated, often quite thickly, through the augite as inclusions of 
•dusty or finely granular aspect. Pyrite also occurs and is dis- 
cernible macrpscopically. Apatite is seen in occasionally color- 

> Lithological Studies, Mem. Mus. Comp. Zool. Harvard, vol. x. pi. i. 

' Notice sur la geologie de 1' lie de Kerguelen, Bui. Mus. Roy. Hist. 
Nat. Belgique, tome iv. No. 4., p. ^33, fig. i, pi. v. 

' Notice sur les roches de V ile Heard. Bui. Mus. Roy. Hist. Nat. Bel- 
gique, 1886, 8 p. 260. 

* Notice sur les roches de V ile Marion. Ibid. p. 250. 

* Petrographical Notes on some north of England Dykes, Q. J. G. S., 
1884, 158. p. 229 and 242. 
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less hexagonal sections and in slender prisms with rounded termi- 
nations. Water-clear quartz, with inclusions of apatite microlites 
and liquid inclusions with dancing bubbles, forms a considerable 
proportion of the mineral constituents of the rock and is charac- 
terized by having a common orientation for isolated sections 
over a wide area of the microscopic field, as in the micropeg- 
matite structure. A few colorless garnets are also present. The 
rock, such being its characters, may be classed- as a uralitic 
quartz diabase. 

At 20 feet from the contact the rock is very similar to that 
at 60 feet but is much less coarse in texture. It differs from the 
latter in mineralogical composition in that fact that there is 
present an abundance of white or colorless garnets, all perfectly 
isotropic. They have a well defined border indicative of a high 
index of refraction and a perceptibly rough surface. Their 
shape is for the most part rounded, or, when rectilinear outlines 
are observable, they are hexagonal sections of the rhombic do- 
decahedron. The larger grains have a curved parting which 
may be demarkation lines between different individuals. The 
treatment of the slide with hydrochloric acid cold or hot, leaves 
them unaffected. The occurrence of garnets in basic dykes is 
by no means unique. They are however regarded as a product 
of contact metamorphism within the dyke. Speaking of the 
** Iron District of Lake Superior, " Wadsworth says, " Most of 
the "diorites" (uralitic diabases) here (at Republic Mt.) contain 
garnets, this mineral being found principally along the edge of 
the intrusion while the centre was nearly if not entirely free 
from it. The schist in like manner near the "diorite" frequently 
contains garnets, both rocks appearing to have mutually reacted 
upon each other."* The garnets in the Jack Fish lake dyke 
do not appear to be a product of contact metamorphism since 
they are found in the middle of the dyke and very much more 
abundantly at 20 feet from the contact than at 6 feet from it, or 
immediately at the contact, where their presence has not been 
detected. Beyond the abundance of garnets, the dyke at 20 feet 
has the same characters as at 60 feet. The poly somatic structure 
of the augite is pronounced. 

^ Notes on the Geology of the Iron and Copper Districts of Lake 
Superior. Bui. Mus. Comp. Zo6\. Harvard, 1880, pp.45, 46, 47. 
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At 6 feet from the contact the rock is fine grained and the 
ophitic structure of typical diabase is much more characteristic- 
ally developed than in the coarser grained parts of the dyke. 
In this part of the dyke there is first observed a differentiation of 
the rock into constituents of different periods of crystallization, 
the order being first plagioclase in more or less idiomorphic' 
lath-shaped individuals lying in all positions, then- augite gen- 
erally allotriomorphic,* sometimes hypidiomorphic' and finally 
a base or matrix of both these mineral^ in a very much more 
finely crystalline state together vith magnetite. The structure 
of the base is rather obscure, the chloride substance usually 
present in diabase rocks being more proftflaent here than in the 
coarser grained part of the dyke where it is almost or perhaps 
entirely wanting. Quartz is present but in smaller quantities 
than in the coaCrser grained portions of the dyke. The augite 
occurs both in simple individuals and in polysomatic masses. The 
uralitization of the augite, which is generally observable, is much 
more pronounced in the irregularly bounded polysomatic masses 
than in the simple allotriomorphic development of the same min- 
eral. A few garnets are present as inclusions in the feldspar 
but were not identified with certainty. In this respect this por- 
tion of the dyke differs markedly from the more central portions 
e>;amined. The most interesting constituent of this portion of 
the dyke remains, however, to be mentioned. It is the non- 
pleochroic colorless rhombic pyroxene enstatite; it occurs in id- 
iomorphic development showing the characteristic obtuse domes 
in some of the sections. It shows regular cleavage parallel to 
00 P (no), upon which the angle of extinction is zero, and 
characteristic cross parting along which partial alteration of the 
mineral to bastite or serpentine is apparent. This enstatite is 
not abundant and plays the role of an accessory mineral. Its 
occurrence in a rock of well marked diabase structure is inter- 
esting. Rosenbusch remarks that it is present in only a few 
diabases which have a gabbro-like structure,^ and Teall has re- 
corded the occurrence of the allied rhombic pyroxene bronzite 
in the Whin-Sill of the north of England as an accessory.' En- 

' Terms introduced by Rosenbusch. Cf. op. cit. p. ii. 
5* Mik. Ph^rs. der Massigen Gesteine, 2nd Ed., i886, p. i88. 
8Q.J. G.S., 1884, p. 652. 
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statite also occurs in variety of the allied rock diabase porphyrite 
from Schaumberge, which has been described by Laspeyres and 
Streng under the name Palatinite. This enstatite was not ob- 
served in the coarser parts of the dyke but occurs, as will be 
noted, in the still finer grained diabase at the contact. 

At the immediate contact the dyke assumes microscopically 
the characters of a very compact grayish black aphanitic rock 
in which can be occasionally defected minute glistening facets 
of porphyritic crystals. With low powers of the microscope 
the matrix is not resolvable but appears as a uniformly yellow- 
ish to greenish gray ground thickly dotted with grains of mag- 
netite. • Under the higher powers this is seen to be made up, in 
addition to magnetite, of a fine felt-work of minute lath-shaped 
crystals of plagioclase imbedded in a hazy, somewhat yellowish 
green flocculent chlorite substance derived presumably from the 
alteration of the augite, since that mineral cannot with certainty 
be identified in the base. The porphyritic character of this part 
of the dyke is well marked, though the imbedded crystals are 
small. These are augite in small irregular polysomatic masses, 
with a hazy margin or fringe of greenish decomposition prod- 
uct, and long lath-shaped plagioclase and occasionally stouter 
broken fragments. Besides these there are porphyritic crystals 
of enstatite much more altered and less plentiful than at 6 feet 
from the contact. Neither quartz nor garnets are observable in 
the contact. 

Considering then the dyke with reference to its variation in 
structure and mineral composition the points of interest to be 
noted are: The passage of the coarse grained central portions 
of tlie dyke to compact aphanitic rock at the contact ; the absence 
of porphyritic structure in the middle of the dyke as contrasted 
with the well marked development of the same as the rock 
becomes finer grained towards the dyke walls; the absence of 
the characteristic chloritic substance of diabase in the centre of 
the dyke and its abundance towards the contact; the presence of 
quartz in greater quantity in the coarse grained middle portions 
than at the sides; the presence of garnets in the coarsest parts 
of the dyke, their abundance in the medium grained parts and 
their rarity or total absence in the neighborhood of the contact; 
the presence of the rhombic pyroxene enstatite in typical idio- 
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morphic porphyritic crystals in the fine grained parts near the 
contact and its absence in the coarser central parts ; the diminu- 
tion ih size of the porphyritic crystals near the contact in co-ex- 
tension with the increasing fineness of the ground mass; and 
finally the "poly somatic" structure common to the augite 
throughout the dyke. 

Three quarters ot a mile from the exposure where the speci- 
mens whose characters have just been given were collected^ 
there occurs, on the opposite side of the bay in the line of the 
strike of the dyke, another exposure of the same dyke. On the 
islands of the bay which lie intermediate between these two lo- 
calities the outcrop of the dyke is observable, so that there is 
no dpubt of their both being exposures of the same dyke. The 
rock here was not studied in so great detail as at the last expos- 
ure. The specimens taken were of the same grade of coarseness 
as those taken at 20 feet from the contact on the north side of 
the bay. The feldspars are more decomposed and the twinning 
lamellae often obscure, and the small quantity of quartz which 
is associated with them appears to be of secondary origin; 
whereas the origin of the quartz noted in the same dyke on the 
north side of the bay seemed much more problematic. In the 
latter case the common 'micropegmatitic character of the quartz 
and the occurrence in it of needles of apatite, which in no way 
differ from those in the feldspar, together with the not infre- 
quent occurrence of one individual of apatite partially included 
in quartz and partially in adjacent feldspar, would argue for the 
primary character of the quartz. The augite in the dyke on 
the south side of the bay resembles that already described occur- 
ring both in simple individuals and in polysomatic masses. It 
is largely altered to uralite. Titanic iron with its alteration 
product leucoxene shows characteristic barred structure of the 
cleavage traces parallel to the planes of the rhombohedron. The 
leucoxene is frequently accompanied by a margin more or less 
extensive, of secondary brown mica. Apatite is present in com- 
parative abundance. Chlorite occurs in vaguely defined masses 
and the garnets which, as before, are present, are associated 
with it. 

On the south-east shore of Pipestone lake about a mile west 
of Stone-dam Portage occurs another of these dykes cutting 
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transversely schists which have a strike of N. £. to £. N. E. 
The specimen taken from the middle of the <Iyke has the char- 
acters of a uralitic quartz diabase. The feldspar as a wle is 
remarkably fresh and occurs in the usual lath-shaped twinned 
crystals of plagioclase. The crystals are commonly observed to 
be cracked transversely and the cracks filled with a brownish 
yellow material which shows aggregate polarization. The 
augite occurs more commonly in polysomatic masses than 
in simple individuals. The 
magnetite is often surround- 
ed by rims of secondary 
brown mica. The quartz 
is apparently original and 
has numerous inclusions of 
an opaque granular charac- 
ter together with fluid inclu- 
sions with dancing bubbles, 
gas pores with black borders 
and glass inclusions oval and 
circular. 

On the south shore of the 
North-west bay of Rainy 
similar dyke cuts 
both the biotite gneiss of the 
region and the red granite 
which is intrusive through it. It is a uralitic quartz diabase. 
The feldspar is in rather stout crystals in the coarser grained 
part of the dyke, though usually lath-shaped. It is much de- 
composed and is partially replaced by quartz and chlorite. The 
polysomatic character of the augite is not prominent but this may 
be due to the fact that it is about half altere^l to hornblende and 
to chlorite. The augite individuals are often twinned and the 
cleavage traces are unusually well defined. The magnetite 
shows a tendency to peripheral arrangement around the altered 
augite indicative of its secondary origin. Quartz is present 
which is probably original besides that which is clearly second- 
ary. Apatite in long slender needles and leucoxenc in irregular 
masses, are the accessory constituents. . 

In the same dyke, nearer the contact where the texture is fine 
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grained, the rock is much uralttized, traces of augite being ob- 
servable only in cores of the compact green hornblende, which 
has a4most entirely replaced it. Apatite appears more abun- 
dant, as do also the secondary quartz and chlorite. Garnet of a 
pale yellowish color occurs sparingly. 

At the contact the dyke rock is a compact 
aphanitic hase in which' can be detected minute 
porphyritic crystals. Under the microscope the 
base is seen to be made up of minute lath-shaped 
crystals of fresh plagioclase,augite 
grains, magnetite and chlorite sub- 
iif.2. stance. The porphyritic crystals 

PlwiodoM trom are lath-shaped feldspars occasion. 
HoitbwMt bar! ^"y broken and showing the 1am- 
eiiainoi'pnenin ellae in some instances bent, as the 
gkiuBt aTO>tb«r' result of pressure of one individ. 
ual against an angular part of an- 
other,and augite generally surrounded with an ir- Analte from dla- 
regular border of secondary hornblende, which, ^il^^(£^^' 
in turn, has an outer girdle or wreath of granules SSSiSfontS^^ 
of magnetite that have separated out in the pro- ^jJ^Sth ^^'iS^ 
cess of uralitization as in fig. 3. 2S^J?S^! 

In the south part of the Rainy lake and on <**■ 
the Rainy river a number of these dykes have been observed. 
One cuts the coarse granitoid gneiss of the river between 
Couchiching and Fort Frances on the south side of the river, 
and another crosses the river at the Manitou rapids. Neither of 
these, has yet been examined microscopically. On the lake 
near the extremity of Gash point one of these dykes cuts the 
schists with a strike of N. W. andS. E. across the whole breadth 
of the point and traverses the islands on both sides of it. Here 
it is traceable on the point and on the islands for a distance of a 
mile. Three miles to the south east in the line of the strike of 
the dyke, a dyke occurs cutting the schists on the islands off the 
south shore of the lake which is probably a continuation of that 
of Gash point. From this point it is traceable for two miles 
across the islands to the main shore on the south side of Grassy 
narrows. Thus, this dyke has a length of at least six miles 
and has an extension to the north-west and south-east of the 
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points]observed, for a distance that is probably very much greater. 
A specimen from the centra! part of this dylce, proved on ex- 
amination to have the characters of a uralitic quartz diabase. The 
plagioclase occurs in long, rather stout, lath-shaped crystals, 
which arc generally so cloudy as to obliterate the twinning in 
most cases. The augite occurs both in simple individuals and in 
polysomatic masses. It exhibits the usual 
marginal alteration to hornblende and 
there is besides a certain, amount of chlo- 
rite. Original magnetite is frequently sur- 
rounded by a margin of secondary biotite. 
Micropegmatitic quartz is abundant. It is 
often intimately intergrown with the feld- 
spar, and as the latter is much decomposed, 
**■ *• would seem to replace it as a partial pseu- 

»iSlM^"[5ii^y '^^TO»i doniorph, but apatite needles of the same 
™tw!^t(!?V{ii?r"f^^ aspect as those which occur as inclusions 
SS^'Sti^n^'yH?.'""^ in feldspar, augite, and quartz, are often 
seen to be inclosed partly in a feldspar 
and partly in a quartz grain. The primary origin of thequartz 
in spite of its micropegmatitic character, is however, not beyond 
doubt. It is to be noted that were the quartz original we should 
hardly expect to find it in such close association with the feld- 
spar. The plagioclase of these rocks affords unmistakable evi- 
dence in its id iomorp hie character of its having first crystallized 
from the magma. The augite crystalliKcd next, enclosing the 
lath-shaped plagioclase; and the quartz, which would be the last 
to crystallize, we should expect to find separated from the plagi- 
oclase by the augite, /. e., to fill in the interstices between the 
augite. Again although single apatites are often found extend- 
ing from a quartz grain to a feldspar grain, a condition of things 
favoring the notion of a common primary origin of both the lat- 
ter minerals, yet such a phenomenon is not incompatible with 
a secondary origin for the quartz, since the replacement of feld- 
spar by quartz must necessarily be a slow operation and proceed 
particle by particle. Further, if the quartz were original we 
should hardly expect to find in it inclusions of crystals of the 
tirst generation like apatite, which would be liable to be enclosed 
for the most part in the earlier secretions like feldspar and augite, 
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rather than in the residual silica of the magma. The non-exis- 
tence, however, of quartz in some diabases which are very much 
decomposed, and its presence in fresh ones, militates against the 
theory of the secondary origin of the quartz in these rocks, so 
that the question of how much of the quartz is primary and how 
much secondary in an old diabase is a question that as yet does 
not appear susceptible of definite settlement. 

About a mile to the west of this dyke where it crosses Grassy 
Narrows island is another nearly parallel dyke converging on the 
former at a smalf angle towards the south. The rock is a ural- 
itic quartz diabase and in its coarser portions, near the middle, 
the texture is more granular than that of typical diabase. The 
plagioclase is cloudy with decomposition products and quartz is 
abundant. The atigite is entirely replaced by compact green 
hornblende, the only indication of the augitc that remains being 
the light colored character of the central portion of the hornblende 
and the abundance of magnetite granules that have separated 
out in the process of alteration. Apatite occurs in slender hex- 
agonal needles mostly in the quartz but also in the feldspar and 
hornblende ; and a number were obseved which were common 
to both feldspar and quartz. A few zircons showing par- 
allel extinction, deep black border and brilliant polarization 
colors also occur. A few colorless, rounded, isotropic grains, 
probably garnets were observed. Nearer the contact where 
the rpck is much finer grained the typical diabase structure is 
much better developed, the feldspar having its usual lath-shaped 
character with augite in allotriomorphic structure around it, 
although the character of the latter is obscured by its extensive 
alteration into hornblende. The augite so far as it is revealed 
in the cores of the hornblende occurs both in simple individuals 
and in polysomatic masses, and it is interesting to note that the 
hornblende derived from a polysomatic aggregate of augite is of 
uniform orientation throughout. Magnetite or titanic iron with 
associated leucoxene is generally distributed. The quartz is in 
small grains proportioned to the finer grained texture of the 
rock. In the central part of the dyke the quartz is in large 
grains commensurate with the increased size of the feldspar and 
augite. In neither case does it occur in the mosaics which are 
so characteristic of the secondary or vein quartz. In addition to 
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the minerals enumerated in this part of the dyke, there is in 
prominent porphyritic development an altered rhombic pyrox- 
ene. The alteration has proceeded very far and the mineral is 
now represented only by a mass of yellow^ish green serpentine 
with perhaps some of the intermediate alteration product bastite. 
The cleavage is, however, well defined and the extinction in the 
several cases noted is sharply parallel to it. These characters 
together with the traces of the obtuse dome so characteristic of 
sections of enstatite are sufficient to identify it as that mineral 
in an altered state. The occurrence of the enstatite in this dyke 
in its finer grained parts towards the contact is analogous to, and 
an interesting confirmation of the similar occurrence of the min- 
eral noted in the Jack Fish lake dyke also in the vicinity of its 
contact. 

To summarize, the main points of interest are, briefly: i. 
Post Archaean age of dykes. 2. Their problematic relation- 
ship to traps of the Animikie and Keeweenawan. 3. Their uni- 
form strike and width. 4.%Sharp contact. 5. Passage from 
coarse texture at centre to aphanitic at sides. 6. Granular 
character towards centre, porphyritic at sides. 7. Prevalence 
of quartz and garnets towards centre, and absence near con- 
tact. 8. Presence of enstatite at sides, absence towards centre. 
9. «' Chloritic substance ^' abundant at sides, absent towards 
centre. 10. Polysomatic character of augite throughout. 11. 
Uralitization of augite. 12. Very marked contrast of texture of 
two different parts of a rock mass which solidified under practic- 
ally the same pressure but at different rates of cooling'. 

[Proc Can, Inst, Toronto^ iSSj,^ 



DARWIN AND GEOLOGY. 

BY PROF. E. W. CLAYPOLE. 

{Continued from /. 162^ 
In the comparative seclusion afforded by his five years on the 
<* Beagle '^^ the mind of Darwin gradually drifted toward the 

I In connection with the immense amount of work performed in later 
years we may note that his health was never good after this voyage. 
The cause does not seem to have been evident. Speaking of a little tour 
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ground on which at last it came to rest. It is not our duty here 
to follow the story. Its results were mainly biological, though 
the indirect results to geology were important. 

The earliest of these was his theory of coral-reefs on which, 
in view of some recent discussions a few words will be in 
place. 

The formation of coral-reefs and coral-islands had long been 
an unsolved problem. The opinion entertained by most writ- 
ers on the subject had been that these islands and reefs incrust- 
ed the tops of submarine mountains, and this was adopted and 
advocated by Lyell in the earlier editions of his " Principles." 
Their great number and size however, militated strongly 
against the theory ; but it held its ground in default of anything 
more satisfactory. 

From some observations made during his voyage Mr. Dar- 
win was led to propose another hypothesis. He suggested that 
coral-islets of all kinds were based on the tops of slowly subsid- 
ing mountains which formerly reached or rose above the sur- 
face. On this view the polyps began their work when the peak 
was not more than 120 feet under water, and by the constant 
secretion of limestone maintained it at that level, subsidence 
notwithstanding. As the growth of coral is most rapid in the 
open sea so the outer edge of the encircling reef grew fastest 
and rose, while the inner parts, being shut off frotn the free 
food and abundant calcareous supply of the open water, flour- 
ished less and ultimately died. In this way as the land sank 
and became smaller the reef became more distant and all the 
various stages between the circling line of coral and the per- 
fect atoll were developed, or in the case of a large tract of land 
such as Australia, the great barrier reef that borders its north- 
eastern coast for about a thousand miles, was the result. 

Such was the simple and beautiful solution proposed by Dar- 
win for a problem which had been previously unsolved. Its 
simplicity and beauty won for it immediate popularity and it 
remained for many years almost undisputed. 

The vastness of the main postulate on which Darwin based 

which he made in 1842 at the age of 33 he says: " This was the last time 
I was ever strong enough to climb mountains or take long walks such as 
are necessary for geological work.' 
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his theory was however in the minds of not a few geologists a 
serious difficulty. The subsidence of so l^rgc an area of the 
surface of the earth as was required could not be admitted with- 
out serious misgiving. There was no evidence sufficient to 
prove it, nor was there at that time any weighty objection 
against it. The difficulty was not unfelt, though for many 
years it was unexpressed. It lay dormant, so to speak. 

Within recent years however there has grown up a school of 
geologists 6r geological physicists who are disposed to carry the 
uniformitarian theory into the continental history of the earth. 
They maintain that the division into land and water is one of 
the original lines of geographical development which, with 
minor changes especially around the borders, has remained unal- 
tered to the present time. To geologists of this school — Stabil- 
itarians, as they may well be called — the fundamental postulate 
of Darwin was especially obnoxious, as it involved the practical 
disappearance of a continent and the formation of an ocean 
within quite geological times.* Yet as nothing better was sug- 
gested the theory held its ground, strengthened as it had (>een 
by the powerful influence of Lyell, who adopted and defended 
it in the edition of the "Principles" published in 1853. 

After the return of the " Challenger " from her voyage of 
discovery in the southern seas, Mr. John Murray, one of the 
naturalists who went. out in her brought forward in 1880 a dif- 
ferent theory, free from the fundamental objection above point- 
ed out, which seems to be gaining favor among geologists. It 
has recently been the subject of a somewhat acrimonious skif- 
mish in the columns of " Nature."' 

Mr. Murray after an examination of coral islands in the East 
Indies and Indian ocean, fails, as others before him had done, 
to find any evidence of the subsidence required by the theory of 
Darwin. On the contrary both he and they find in many cases 
abundant evidence of elevation. Recollecting also that in no 

1 It is true that Darwin carefully guarded against being supposed to 
favor the previous existence of a continent in the Pacific area (see Life, 
p. 435) but the amount of subsidence required by his theory is so great 
that it would actually exceed that needed for some of the creations of 
the school of geologists here alluded to. 

' Nature, 1887. "A conspiracy of silence." 
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single instance has any trace been found of a sunken mountain 
peak as the base of a coral islet, (for oceanic islands are uni- 
formly volcanic,) Mr. Murray proposes as the foundation of his 
theory, the elevation of the higher portions of the sea-bottom by 
deposition of organic material or by volcanic action, until they 
come within the limit of reef -forming polyps. Then the prin- 
ciples already mentioned, of faster growth on the margin and of 
death and erosion in the center, will do all the rest and produce 
in time the fringing reef and the atoll. 

Though it is obvious that Mr. Murray's theory gains enor- 
mously by being free from the fundamental objection to that of 
Darwin, and is strong just where the latter is weak, yet it 
would be premature to say that it has yet found general accept- 
ance. The' geological world is divided, as is conclusively 
shown by the controversy above alluded to, and this is npt the 
place for the expression of individual opinion. Both may be 
true in different places.^ 

It should however be mentipned that in another point the 
later theory enjoys a considerable advantage over the earlier. 
The unfathomable depth of water so often reported close to 
the edge of a reef was evidently a natural and necessary con- 
sequence of its mode of formation according to Darwin. But 
this depth seems from recent soundings to be fictitious or at 
least non-existent. The edge of the reef, it is true, falls off to 
seaward very steeply for a short distance, after which there fol- 
lows a gradual slope not exceeding six degrees of inclination, 
and just such as might be looked for on a submarine bank. 
This bank at no very great distance from the reef ceases to be 
composed of coral and yields to the dredge nothing but vol* 
canic dust, apparently the comminuted ejecta of some subma- 
rine vent. 

Passing from this topic of coral formation where we find 
Darwin invoking the most extensive subsidence, in time com- 
paratively recent, that has perhaps ever been suggested, it is ^ 
not a little interesting and certainly amusing to note the indig- 

1 A good summary of the two theories and much other interesting 
material of a kindred nature may be found in " Nature '* for November, 
1883, from the pen of Dr. Archibald Geikie. 
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nation with which in later and more mature years he met the 
appeal of other geologists to similar means of escape from diffi- 
culty. Edward Forbes was the most daring member of this 
school, which, in order to explain certain facts in the distribu- 
tion of animals and plants, did not scruple to conjure up conti- 
nents in several parts of the globe now occupied by deep sea^ 
and where the soundings afford no base whatever for such crea- 
tions. Thus "Lemuria" was imagined to extend across the In- 
dian ocean from the East Indies to Madagascar, while another 
continent built by the same "pojitifex" Forbes, extended from 
Europe to North America, and yet a third to the " Sargasso 
bank." Hooker in like manner called into being a long bridge 
from New Zealand to South America and thence on to Kergue- 
len Land almost girdling the earth in that latitude. These 
were constructed for the convenience of species whose resem- 
blance to others at distant points could not be explained without 
some means of migration. Instability with these geologists be- 
came the law of continental evolution, and the geography of 
the earth in their hands changed so rapidly and so frequently 
as to remind the spectator of a kaleidoscopic exhibition. Even 
Lyell fell under the spell of these views for awhile in spite of 
his strong uniformitarian proclivity. But Darwin's work had 
led him in a different direction. His observations had shown 
him that the distribution of animals and plants was not so de- 
pendent on continuous land surfaces as these naturalists sup- 
posed. He had found that the chapter of accidents could be 
depended on for a vast number of exceptions to the general 
rules, and he had learned to trust it firmly when no clear con- 
nection could be found. His belief in orderly sequence and 
regular developement even of geographical outlines was un- 
shaken, and the balance of his judgment went against cata- 
strophe even here. Hence his indignation at the " feats " of 
Forbes, Hooker and others of the same school, and at last with 
his old master Lyell himself. In 1856 he wrote to the latter: 

" My blood gets hot with passion and turns cold alternately 
at the geological strides which many of your disciples are tak- 
ing.'' "Woodward writes that if you grant a continent over 
^o or three hundred miles of ocean depths (as if that were 
nothing) why not extend a continent to every island in the Pa- 
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cific and Atlantic oceans ? All this within the existence of re- 
cent species! If you do not stop this, if there be a lower re- 
gion for the punishment of geologists, I believe you, my great 
master, will go there. Why, your disciples in a slow and 
creeping manner beat all the old Catastrophists who ever lived. 
You will live to be the great chief of the Catastrophists." 

In a subsequent letter he adopts a different tone, and dissect- 
ing mercilessly the* evidence adduced by these continent-mon- 
gers, he shows its insufficiency to prove their point and avows his 
adhesion to the party that asserts the stability of the great main 
lines of the earth's geography, adding that he would much like 
to be convinced by the arguments of his ^* master" but finds it 
impossible. Here again Darwin's sagacious *^ anticipation" was 
ahead of Lyell's caution. 

It is scarcely necessary to add that all these vast continental 
extensions have again sunk below the sea level leaving not a 
solitary oceanic islet or reef of secondary or palaeozoic rock to 
mark the place of their supposed existence. The theory that 
made possible the ^^Lemuria" and the gulf -weed continent of 

Forbes, and Antarctic bridge of Hooker is as dead as 's 

Atlantis. 

We now approach the great event of Darwin's life, but as it 
only concerns us indirectly we shall not dwell on the circum- 
stances attending it. They are moreover by this time so well 
known that to detail them would repeat an oft told tale. In 
1859 appeared ^^^ "Origin of Species," in biology the most 
epoch-making book of the passing century. Its importance lies in 
the fact that in it was shown to the world for the first time, and 
shown with a wealth of fact and argument that defied refuta- 
tion, a real and active cause for the transmutation of species. 
The struggle for existence, a factor which, strange to say, had 
hitherto escaped due notice, supplied the long lacking key to 
this hitherto tantalizing problem. The flash of anticipation 
that lighted the mind of Darwin on reading Malthus's " Essay 
on Population" was like the flash that went through the mind 
of Newton when the apple fell. The "Law of Variation" de- 
duced by the former has been as momentous and as wide-reach- 
ing in the world of life as the "Law of Gravitation" announced 
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by the latter has proved in the world of matter. Here at least 
was a clue to the maze of species and varieties among which 
the student of nature was rapidly losing his way — a beacon- 
light to guide him tlirough the darkness, a leading principle 
that could bring order out of all this chaos. Evolution pro- 
pelled by variation and guided by natural selection seemed 
capalje of accounting for most of the difficulties in the existence 
-and distribution of organic forms far better than any other 
cause, even than special creation. It was therefore the one which 
biologist in all fields were logically bound to adopt. Into the 
^tory of its struggle and final victory it is not our purpose here 
io enter. With one more point our sketch can come to a close. 

During the prosecution of his work Darwin of course con- 
templated the acceptance with which a theory so new and 
«o opposed to existing beliefs and prejudices would be received. 
He knew enough of the conservative tendency of the human mind 
even among men of science to look forward with no little anx- 
iety to the day of publication. He had seen in Edinburgh the 
•effect of prepossession and prejudice. When at length the 
•*' Origin" appeared nothing surprised him less than the fierce 
•denunciation and sullen displeasure that greeted it from the 
Hconservative " Many " or than the timid and guarded approval 
•of the liberal " Few." Foreseeing it, he had mentally chosen 
three men whose support, if he could win it beforehand, would 
in his opinion, outweigh the condemnation of all the rest of the 
world. These were his old master in geology. Sir Charles 
Lyell, then rising to the full bight of his great fame and with 
A reputation of no mean value to stake on the result, Sir J. D. 
Hooker, late director of the royal gardens at Kew, the botanist 
with perhaps the widest experience of all then living in Eng- 
land, and a young man just coming into note as a zoologist but 
of whose power Darwin entertained a very high estimate, an 
estimate fully justified by the result for he has been the fight- 
ing apostle of the new faith — Thomas H. Huxley. To pro- 
duce conviction in the minds of these three men Darwin labored 
hard and eventually succeeded, so that when the first outlines 
of the Theory were read to the Linna^an Society, and the 
whole force of the conservatives prepared to assail it with 
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every available weapon, they were somewhat daunted to fine! 
that they must measure swords not with a man comparatively un- 
known to fame and of whose opinions and observations they 
could as they believed, make light work, but with Lyell^ 
Hooker and Huxley, who like the three brave Romans of old 
stood forward to defend the narrow way until the new- 
truth could make itself felt and win its own adherents. Of this- 
famous meeting of the Linna^n Society, on July ist. 1858,, 
when the subject was first broached. Sir J. Hooker writes^ 
(p. 482): 

** The interest excited was intense but the subject was too novel andi 
too ominous for the old school to enter the lists before armourings 
After the meeting it was talked over with bated breath ; Lyell's approval 
and perhaps in a small way mine as his lieutenant in the affair rather 
overshadowed the Fellows who would otherwise have flown out 
against the doctrine/' 

With only one of these three have we any concern now and. 
that is Lyell. The intimacy between him and Darwin had 
been long and close, and Lyell was familiar with every step of 
the way along which his friend was traveling. Every new 
fact was told to Lyell. Ly ell's opinion was asked on every 
topic — not always agreed with however. In LyelFs mind 
there slowly grew up as firm a conviction that Darwin was- 
right as was entertained by Darwin himself, and when the 
"Origin" appeared Lyell was fully prepared to go the utmost 
length that the doctrine of "Evolution by Natural Selection'* 
would warrant. He gladly welcomed the new light from bi- 
ology and saw at once its power of illuminating certain dark 
spots in his own favorite science. He had halted at the evolu- 
tion of organic species because Lamarck could show no good 
reason for the necfessary changes. But he now halted no- 
longer. Natural Selection supplied the missing cause, and he 
at once connected it with the. effect. He had no further use for 
the doctrine of "Special Creation" and it disappeared from the 
pages of his "Principles," its place being supplied by Varia- 
tion. Here was the harvest that grew from the seed sown by 
Henslow. The reaction of the pupil on the master was now 
seen and Darwin amply repaid the debt which he owed to 
Lyell. 

It is interesting to note the difference of expression in the 
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^editions of Lyell's "Principles*' published after the appearance 
»of the " Origin." ' While fully adopting the new views therein 
propounded, the caution of his character is manifest in his mode 
of writing of them. Thus in the edititon of 1872 he says, in 
•striking contrast to the extract given above from that of 1853: — 

"In former editions of this work I did not venture to differ 
from the opinion of Linnaeus that each species had remained 
from its origin such as we now see it, being variable but only 
within certain limits." "But I undertook to show that the 
gradual extinction of species one after another was part of the 
•constant and regular course of nature." "I suggested also that 
the coming in of new species was also probably successive." 

"In truth there are as yet only two rival hypotheses between 
which we have to make our choice in regard to the origin of 
species — namely, that of special creation and, that of creation by 
variation and natural selection." 

Again, speaking of the facts of geographical distribution, he 
says: "They accofd well with the theory of variation and of 
natural selection, but with no other hypothesis yet proposed for 
explaining the origin of species." 

But the crowning proof of the influence of Darwin oyer Lyell 
was given when the "Antiquity of Man" appeared in 1863. It 
is easy to see from the general tenor of this work that Darwin's 
doctrine had sunk deep into the mind of the great but formerly 
half-way- halting Uniformitarian teacher. Though here, as 
everywhere else, writing with caution it is manifest that he was 
then prepared to go to the full length required by the theory 
of variation as expounded in the "Origin." He had even risen 
superior to the great difficulty, partly arising from prejudice 
and partly from tradition — the difficulty of admitting that man 
himself was held in the toils of the evolutionary net and that he 
was himself a link in the long chain of organic beings — the last 
and greatest but still only a link. 

He says in some memorable words, more memorable still 
when we remember the date of their publication. 

"A theory that establishes a connection between the absence of all relics 
'Of vertebrata in the oldest fossiliferous rocks and the presence of man's 
remains in the northwest; which affords an explanation of the successive 
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appearance in intermediate strata of fishes, reptiles, birds, and mammRers,). 
has no ordinary claim to our favor, comprehending as it does the largest 
number of facts that science has perhaps ever attempted to embrace in. 
one grand generalization.'^ 

** But will not transmutation if adopted, require us to include the human 
race in the same continuous series of developments so that we must hold 
that man himself has been derived hy an unbroken line of descent from 
some one of the inferior animals? We certainly cannot escape from 
such a conclusion without abandoning many of the weightiest arguments, 
which have been urged in. support of variation and of natural selection 
considered as the subordinate causes by which new types have been 
gradually introduced into the earth." ' 

These are most remarkable words coming as they did from 
the leading geologist in England, with a high reputation to risk 
by taking up a new, and in the minds of most a transcendental 
and irreligious, theory ; and the man who at that day dared thus 
to speak deserves the gratitude of not only every geologist but 
of every lover of truth to whatever science he devotfes his atten- 
tion. Even those who follow no science ow^ not less a debt of 
gratitude to him who faced the obloquy and the odium that then 
awaited all who ventured to acknowledge connection with the 
new school of Evolutionists. It is difficult now to realize the 
fact, but it is within the memory and experience of men not be- 
yond mid-life — when the "Antiquity" and the "Descent of Man" 
were spoken of with bated breath as forbidden subjects, and 
when those who thought or spoke on those topics were viewed 
askance as "suspects" with whom it was not well to be associated. 
But so it was, as many can testify from experience. Such days 
can never return. No more questions so momentous remain to- 
be solved in geology. The battle has been fought and the vic- 
tory won. Evolution is now the keyword to nature and we of 
these days can only look back to that time and live it over again 
in memory, while of the later generation we can say, as we 
said at the beginning of this paper, "Other men labored and ye 
have entered into their labors." 

Note. Though it is a little off the main line of this paper yet it is timely 
and pleasant at the present moment when America is mourning the loss of 
her great botanist, to allude to the share which Dr. Gray contributed to 
the ** Origin of Species." Darwin began a correspondence with him 
through Hooker which afterwards became constant and intimate. The 
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philosophic mind of Gray was strongly attracted by the breadth and 
scope of the views of Darwin, and came rapidly under the spell of their 
influence. To him Darwin was indebted for many facts both in favor of 
and in opposition to his theory of natural selection. Both were equally 
welcome. The attachment of the two men was mutual. In one of his 
early letters Darwin writes: "You are more than anyone else the 
thorough master of the subject. You know my book as well as I do 
myself and you bring to the question new lines of illustration and argu- 
ment in a manner which excites my astonishment and also my envy. 
Every word seems weighed carefully and tells like a 32-lb. shot.** It fell 
to the lot of Asa Gray to fight the battle of evolution in America almost 
single-handed against the immense influence of Agassiz, who while op- 
posing the doctrine to the last contributed by his embryological studies 
some of the most powerful arguments in its support. Dr. Gray entered 
the field alone but from the first he gave no uncertain sound. Though 
he never went to the full length with his friend, always maintaining that 
the stream of variation had been, as he phrased it, " beneficially directed,** 
yet in i860, or the year after the appearance of the "Origin,** he wrote 
three articles in the Atlantic Monthly which now form the third chapter 
in his " Darwiniana,** under the heading, " Natural Selection not incon- 
sistent with Natural Theology.** With this limitation Dr. Gray continued 
among the foremost and most consistent advocates of Natural Selection 
in this country to the time of his recent death ;^ but as his application of 
the doctrine was almost entirely to the science of botany to dwell longer 
on it here would scarcely be in place. 



ON THE OCCURRENCE OF LATER CRETACEOUS 

DEPOSITS IN IOWA. 

BY CHARLES A. WHITE. 

The existence of Cretaceous strata in western Iowa has long 
been known; and they have been discussed and referrctl to by 
various authors. Those which are exposed in the neighbor- 
hood of Sioux City were first recognized as of Cretaceous age 
by Owen;' and for several years thereafter no other exposures 
were known to exist within that state. In the course of my 
ofi!icial work upon the geology of Iowa other exposures of 
Cretaceous strata in situ were discovered at localities farther 
eastward from the Missouri river. The more southerly of 
these exposures, as well as a part of those in the vicinity of 



♦-- 



> January 30th, 1888. 

*See maps of Geol. Survey of Wisconsin, Iowa and Minnesota. 
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Sioux City, were recognized as belonging to the Dakota 
group; while the more northerly exposures were referred to 
the next higher portion of the earlier Cretaceous. 

Besides these exposures of strata in situ numerous fragments 
and scattered fossils were from time to time found at different 
localities in the drift, some of which localities are muqh farther 
to the eastward than are any of the exposed strata referred to. 
These latter traces are so numerous and so widely distributed, 
and the known dips and trends of the older formations are such 
that, in my official report, I deemed it proper to represent a 
large part of western Iowa as occupied by Cretaceous strata^^ 
though mostly covered from sight by the abundant glacial drift 
which prevails there. 

Subsequent discoveries have tended to confirm the correct- 
ness of this view ; and even to extend the limits of the area in 
Iowa which may be properly regarded as now, or as having 
formerly been, occupied by Cretaceous strata.' These later dis- 
coveries have been mainly, not of strata in situ, but of such 
fragments of fossiliferous strata, and of separate fossils, in the 
drift of that region, as have just been referred to. Many of 
these specimens are so soft or so fragile; or they have suffered 
so little attrition, as compared with that which the transported 
material associated with them in the drift has suffered, that it 
seems necessary to assume that those specimens were not trans- 
ported to any considerable distance from the place of their 
original deposition. An account of one of these discoveries was 
published by me several years ago,' and the primary object of 
this article is the announcement of another. 

A short time ago Prof. Erasmus Haworth of Penn College, 
Oskaloosa, Iowa, informed me of the discovery of a mass of fos- 
sil-bearing rock in the digging of a well in the drift of Hardin 
county, Iowa.* He recognized these fossils as of Cretaceous 

^ See White, C. A., Geology of Iowa, vol. i, p. 287; geological map in 
vol. iif and geological map-model, vol. 1, facing page 32. 

2 See also accounts of the discovery of Cretaceous deposits at numer- 
ous localities in southern Minnesota in Winchelfs Minnesota reports. 

• See White, C. A., on the eastern limit of Cretaceous deposits in lows. 
Proc. A. A. A. Sm vol. xxi, p. 187-192. 

*The locality given hy Prof. Haworth is, Sec. 17, township 86 N., range 
20 west of the 5th, P. M.; which is not far from the center of the state. 
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age; zsad at my request he kindly sent them to me for examina- 
tion. The fossils consist of molluscan remains, which are im- 
bedded in fragments of firm ferruginous sandstone; and these 
fragments indicate that they are portions of highly fossiliferous 
strata. The specimens are all more or less imperfect; bijt the 
generic character of the greater part of them is satisfactorily 
recognizable, and a part of them have been specifically identified 
with published forms. The following is a list of the forms so 
far as they have been generically determined. Besides those 
mentioned in the list, two or three other forms are indicated by 
small fragments of shells. 

List of Species. 
Inoceramu8 ? 



Pinna lakesi White? 

Syncyclonema rigida Meek and Harden? 

Nucula ? 

Callista? ? 



Corbuia inornata M. and H. 

Dentalium ? 

Chemnitzia cerithiformis M. and H. 
Pseudobuccinum nebrascene M. and H. 
Lispodesthes ? haworthi sp. nov. 

The specimens representing Inoccramus are mere fragments, 
giving no indication of the form of the shell, and therefore none 
of its specific identity; but they show the characteristic shell- 
structure of that genus. The Pinna is represented by a number 
of fragments which I have little doubt represent P. lakesi 
White, from the Fox Hills group of northern Colorado.* The 
single specimen referred to Syncyclonema rigida'^ is imperfect, 
but the identification is probably correct. The specimen re- 
ferred to Nucula shows little or nothing of the external form of 
the shell, but the characteristic dentition is discernible. Some 
small separate valves, evidently belonging to the Veneriidae, are 
referred doubtfully to Callista. Corbuia inornata^ is somewhat 
satisfactorily identified. The Dentalium is one of those com- 

* See 12th Ann. Rep. U. S. Geol. Surv. Terr., p. 17, pi. 11, fig. 1. 

' U. S. Geol. Surv. Terr., vol. ix, p. 37, pi. 16, figs. 5, a b. This form was 
originally found in the Fort Pierre group, but it has since been found in 
strata of the Fox Hills group. 

' U. S. Geol. Surv. Terr. vol. ix, p. 245, pi. 30, figs. 4 a-d. 
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mon plain forms which occur in various formations, and which 
have few salient specific characters. The identification of Chem- 
nitzia cerithiforfnis^ and Pseudobucctnum nebrascense^ has been 
quite satisfactorily made. The remaining species is regarded as^ 
neWj^and is described in a following paragraph. * 

The general character of this little collection of fossils is alone 
sufficient to suggest their affiinity with the fauna of the Fox 
Hills group, the uppermost member of the marine Cretaceous 
series of the interior region of the continent. The specific- 
identification of a part of the species of this collection, with 
formerly -published characteristic forms of that group however,, 
leaves no room for reasonable doubt upon that question. 

Genus Lispodesthks White. 

Lispodesthes ? haworthi sp, tiov. 

Shell of medium size; body subfusiform, wing large and 
prominent; spire prominent; the small apex usually made some- 
what obtuse by the deposition of callus; the whole surface of 
the shell covered by a greater or less thickness of callus; but 
which is a little thinner upon the back of the body volution th|in 
elsewhere. Where the callus is removed from the volutions of 
the spire they are seen to be moderately convex, about six ia 
number, and marked by numerous revolving raised lines, which: 




Fig. I. Dorsal view of Lispodesthes? haworthi; natural size. 

are continued upon the body volution beneath the callus there^ 
No revolving ridge appears upon the volutions of the spire, but 
one is developed upon the back of the body volution and is con- 
tinued out upon the falciform process of the wing; beak moder- 



» lb. p. 339, pi. 32, figs. 10, a, b. 
2 lb. p. 350, pi. 31, figs. 5, a, b, c, d. 
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ately prominent; posterior canal absent, but there is instead, a 
moderately broad notch at the junction of the posterior margin 
of the wing with the spire. The lower lobe of the wing is 
prominent, thickened, and rounded at the outer end ; the falci- 
form process long, pointed and curved outward and backwards 
The general shape and size of the shell is indicated by the ac- 
companying figure. 

The shell, in general aspect and in many of its details, is closely 
like Lispodesthes nuptialis White, from the Cretaceous of Ari- 
zona. It has all the characteristics upon which the genus Lis- 
podesthes^ was proposed except the posterior canal, which in 
the type species is grooved out of the callus covering the spire^ 
and which extends nearly to its apex. In this species however 
there is no such groove, but its other characteristics agree so 
closely with those of Lispodesthes that I refer this form ta 
that genus, at least provisionally. The specific name is given 
in honor of Prof. Haworth who brought these fossils to my 
notice. 

In my former discussions of the Cretaceous deposits within 
the state of Iowa I have been disposed to treat them all as be- 
longing to the "Earlier Cretaceous" of Meek and Hayden; that 
is, as being older than the Fort Pierre and Fox Hills groups^ 
It is true that Mr. St. John regarded certain of the fish remains 
which were found associated with Cretaceous mollusca in the 
drift of Howard county as indicating a very late epoch of the 
Cretaceous, although he was not able to identify any of them 
with published species.'* 

While the Value of the evidence furnished by the type char- 
acters of those fish remains was not overlooked, the lack of 
specific identification of any of them with forms whose strati- 
graphical position was known left the question as to whether 
they were of earlier or later Cretaceous age open to at least 
reasonable doubt Because of this, and of the fact that the fos- 
sil mollusca which were associated with those fish remains 
seemed to be, in part at least, specifically identical with forms- 
which characterize certain of the earlier Cretaceous strata in 



* For the original generic diagnosis see U. S. Geog. Surv. (Wheeler's) 
West of the 100th Meridian, vol. iv, p. 191. 
'See article before cited, Proc. A. A. A. S. vol. xxi, p. 188. 
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the region adjacent to western Iowa, I adhered to my previous 
opinion that they were all of earlier Cretaceous age. 

I was influenced by those impressions while discussing in a 
late publication/ the shifting position of the eastern shore line 
of the mesozoic seas which prevailed in what is now the inter- 
ior of North America. I there expressed the belief that the 
Cretaceous shore line finally receded to the *west ward of west- 
ern Iowa at the close of the Colorado epoch of the earlier Cre- 
taceous. Now, however, the fossils found in Hardin county 
seem to warrant the opinion that the final recedence to the 
westward of Iowa of the Cretaceous shore line occurred as late 
as the closing epoch of the later Cretaceous. That is, not 
only is the general character of all those Hardin county fossils 
suggestive of their afifinity with the molluscan fauna of the Fox 
Hills group, but two of them have been specifically identified 
with characteristic fossils of that group; and of the specific 
identity of three others there is apparently little room for doubt. 

It is not to be denied that if the fossils discovered in Hardin 
and Howard counties had been obtained from strata undeniably 
in situ, the evidence furnished by them would be more satisfac- 
tory. It would also be more satisfactory if it were supported 
by a large number of similar discoveries; and in the estimate 
which I put upon the value of these, the anticipation of future 
•discoveries, even of strata in situ, is taken into account. Even 
in view only of the discoveries already made in Iowa and in 
Minnesota, a portion of which have been mentioned in previous 
paragraphs, one can hardly entertain a reasonable doubt that 
considerable deposits of later, as well as earlier Cretaceous strata 
were made far within the present limits of the state of Iowa, 

Although the meridian position of this Hardin county locality 
is more westerly than that of Howard county, it is much more 
easterly than is any other known Cretaceous locality in Iowa 
south of the northern tier of its counties. If, therefore, we re- 
gard the Hardin county fossils as having been originally depos- 
ited where they were found, this discovery materially extends 
the known eastern limit of Cretaceous deposits in that state. It 
is fully believed that those fossils were originally deposited at, 

' See White, C. A., On the Fresh Water Invertebrates of the North 
American Jurassic. Bui. U. S. Geol. Survey No. 29, p. 14. 
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or very near the place where they were found ; but even if they 
have been transported by drift agency, their original position 
must have been fully as far to the eastward as that in which 
they were discovered. 

The known position of the oldpr Iowa formations, considered 
with reference to the land surface, seems to indicate that the 
maximum thickness of all the Cretaceous deposits which oc- 
curred within that state was much less than that which was 
reached by those formations further westward. But if we take 
into consideration the probable fact that those deposits were 
exposed to the usual process of subaerial degradation during the 
whole of the Tertiary period; and that they were afterward 
exposed to glacial action, we readily perceive that a large part 
of the material originally deposited within the boundaries of 
Iowa may have been carried away. Still, the presence there of 
the later Cretaceous strata, indicates that the earlier ones have 
always had a comparatively small maximum thickness.* 

After all the erosion which those strata have suffered, it is 
probable that at least in the northwestern counties of Iowa, 
there is still sufficient space between the drift deposit above and 
the paleozoic formations beneath, to allow of the presence there 
of several hundred feet in thickness of Cretaceous strata. We 
nriay therefore reasonably expect that- the numerous excavations 
that will yet be made in that great drift-covered region, will 
result in the discovery there of some strata in situ. We may 
also expect to learn of many other discoveries similar to those 
of Hardin and Howard counties, in districts where small patches 
of Cretaceous strata have escaped destruction. 

> Just as this article is going to press I have received a note from the 
veteran paleobotanist, Prof. Lesquereux, concerning a leaf impression 
submitted to him, which was included in Prof. Haworth's collection. This 
form is unhesitatingly referred by Prof. Lesquereux to Andromeda 
parlatorii Heer, a characteristic species of the Dakota group. This may 
be taken as an indication that the earlier, as well as the later Cretaceous 
reached as far eastward as central Iowa. 
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ON SCEPTROPORA, A NEW GENUS OF BRYOZOA, WITH 
REMARKS ON HELOPORA Hall, AND OTHER GENERA 
OF THAT TYPE. 

BY E. O. ULRICH. 

Nearly a year ago Prof. J. F. Whiteaves the palaBontologist 
to the Canadian geological survey, kindly sent me for examin- 
ation and description a box of fossil bryozoa which had been 
collected from Lower Silurian rocks in Manitoba. 

Among other interesting forms, I have found the surface of 
«ome of the slabs strewn with the separated segments of an un- 
•described species and genus of jointed bryozoa. 

On my return from Minnesota last October, I stopped over 
for two weeks in Illinois to study the Lower Silurian outcrops 
in the northern part of that state, and at two localities, Savan- 
nah and Wilmington, was so fortunate as to find a number of 
isolated segments of the same form. The Lower Silurian 
rocks at these two localities are doubtlessly equivalent to the 
upper half of the Cincinnati group (Hudson River) of Ohio, 
many of the fossils found in the western localities being iden- 
tical with well known species known to be confined to the 
upper beds of the group in Ohio. 

The equivalence of the rocks at Stony mountain, the locality 
in Manitoba which furnished the first specimens of the bryozoa 
in question, is as little doubtful as that of the Wilmington or 
Savannah strata, many of the fossils being identical with those 
collected by me at the Illinois localities. 

The genus and species may be described, briefly, as follows: 

ScEPTROPORA n. gen. 

Zoarium articulated; segments numerous, short, sceptre or 
club-shaped, the lower half striated, non celluliferous, its ex- 
tremity bulbous; upper half more or less expanded*, celluliferous, 
and with a large socket at the center of the top; occasionally 
with two sockets when the segment had articulated with two 
succeeding joints. ZocDcia sub-tubular, radially arranged about 
a central axis, their apertures subovate, and arranged between 

vertical lines. 

« 

Segments club-shaped, varying in length from less than 
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I mm, to nearly 2 mm.; lower half sub-cylindrical, about 0.23 
mm, in diameter, non-cclluliferous, covered with fine, granulosc, 
vertical strice; lower extremity bulbous, smooth; upper half 
celluliferous, expanding more or less rapidly, the depressed -con- 
ical top varying in diameter from 0.7 to 2 mm. The zo<Ecia 

ScKPTROPORA FACULA H. Sp. 




Fig. I. Sceftropora factUa, n. sp^ a, segment of the average size and ap- 
pearance; (, vertical section of a Bcgment, showing tubular zo<zcla and 
■central aiU ; c, tramverse section of the cylindrical lower half of a seg- 
ment ; d, transverse section of expanded portion of the largest segment 
seen. All magnified to 18 diameters, 

■apertures on the top are sub-circular, about 0,09 mm. in diam- 
eter and arranged in radial scries between raised lines about the 
large central socket. As the zoarium expands the series in- 
crease in number by interpolation. The zocecia apertures on 
the sides are ovate and a little larger, having an average length 
of o, 1 1 mm. Like those on the top, they are arranged between 
«levated graniilose ridges. 

Remarks: The detached segments of this very pretty little 
bryozoan are abundantly strewn over the surface of some of 
the slabs from Stony mountain, Manitoba, and I do not doubt 
that if searched for, specimens preserving a number of them 
joined together would be found there. Such must be looked 
for in shaly layers only. Among the Savannah specimens 
there is one consisting of two segments still joined together. 
Those from Wilmington consist of isolated segments. Here 
they are neither abundant nor easily detected, being, because of 
their small size and the peculiar character of the rock, readily 
overlooked. 
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The systematic position of Sceptr opera is clearly near Helo^ 
pora in the family Arthrostylidae} This family especially in 
its most typical members, reminds us of the CellariicUey yet, 
beyond the jointed zoarium and a general external resemblance, 
but little can be brought showing true relationship. On the 
contrary, in the form and minute structure of the zocecia, they 
agree closely with the Stictoporidae} One of the most marked 
peculiarities of that family is the presence of exceedingly 
minute tubes between the median laminae. In the Arthro- 
stylidae the zooecia are nearly always arranged in a radial 
manner about a central axis. Here a minute vertical tube 
has been detected in exceptionally preserved examples of 
several sp>ecies, and in at least one species, two such tubes* 
In Arthrostylus tenuis^ in which the zocecia open on only 
three sides of the subquadrangular segment, the fourth and 
widest side being simply striated longitudinally, the minute axial 
tube is situated at the point of union between the proxinal ends 
of the three rows of zocecia. This axial tube, or tubes, I regarcf 
as homologous with the "median tubuli" of the Stictoporidae^ 
Another feature common to members of that family, and many 
of Arthrostylidae^ is a row of minute vertical tubuli, which oc- 
cur, particularly in the outer portion of the zoarium, between 
the rows of zocecia, and appear at the surface as minute granu- 
les on the dividing ridges between the rows of superficial aper- 
tures. Precisely the same kind of structures are shown in Seep- 
tropora f acuta (see fig. i, a) and less well in section of Helopora 
fragilis (fig. 2. c). The primitive or deeper portion of the 
zooecia is, of course, different in the two families, it being wedge 
shaped and generally longer in the Arthrostylidae than in the 
Stictoporidae. These differences, however, are accounted for 
by the different form of zoarium characterizing them. Thus, 

1 The name Arthrostylus is proposed instead of my Arthronema ("Am. 
Pal. Bry." Jour. Cin. Soc. Nat. Hist. vol. v, p. 160) which was preoccupied 
by Eschscholtz for a genus of Colpodea, The genus being the type of the 
family Arthronemidae^ it seems best to change the family name as well. 

^ This family as now understood and defined by me in the forthcoming 
vol.viiiof the Illinois geological survey, comprises the following genera: 
Stictopora Hall, 1847 not 1887, (based on 5. fenesiraia Hall) Dicranopora 
Ul., Pachydictya Ul., Phyllodictya UK, Eurydictya^ n. g>en:,and Euspihpara 
n. gen. 
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while in the latter the zooecia form two leaves grown together 
back to back, in the former they are arranged radially so as to 
form subcylindrical or club-shaped stems. This mode of ar- 
rangement of itself would cause the primitive portion of the 
zooecia of the larger forms of the first family to incline to be- 
come tubular. The reason is obvious, since nearly all the zooecia 
originate at or near the center of the zoarium and being forced 
to adapt themselves to the distance between the axis and the 
outec surface, are necessarily longer than in such flat forms like 
Stictopora in which the rapid development of the cells is not 
retarded by lack of space. 

The resemblances above pointed out suflUciently show the 
position of the family to be near the Stictoportda^ while their 
relation on the other side again should be sought for among the 
RhabdomesontidiB rather than the Callariidce^ the succession 
of the forms in geologic ages being an important circumstance 
greatly favoring the former. There is, however, a wide struct- 
ural gap between both those families and the Arthrostylidce^ so 
that we are at present justified in claiming the latter as a dis- 
tinctively Silurian type of which no representatives are yet 
known in succeeding ages. 

The jointed character of the zoarium is the most conspicuous 
as well as the most important feature of the family, being well 
shown in all the genera excepting Nematofora^ a new genus 
in which the zoarium (very much as inJ^tilodtctya^proper) artic- 
ulates at the basal extremity only, and above this base forms a 
continuous dichotomously branching slender stem. In Arthros- 
tylus Ul., Helofora Hall, and Sceptropora^ the segments are 
simple and terminally joined together, each segment giving rise 
to one or two succeeding joints. The flrst of these genera is 
distinguished by having one of the sides non-celluliferous and 
simply striated longitudinally. In the second the segments are 
subcylindrical with zooecia apertures on all sides, while in the 
third the zoarium is non-celluliferous below and spreads rapidly 
above. 

The typical species of Helopora is Hall's H. fragilis^ a very 
abundant and characteristic fossil of the Clinton group of Can- 

> This genus together with a number of species will be described in vol. 
▼iii, Illinois geological survey, now in press. 
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ada. Besides the type species eight others are known to me 
which are constructed upon the same general plan, four of them 
Lower Silurian and four Middle and Upper . Silurian. These 
are distributed as follows: H, spiniformis UL, Birdseye, H. 
divaricata UL, Trenton, H, imbri^ata Ul. and II, AarrtsiJameB^ 
Cincinnati group, H, bellula Bill., H. armata^ Bill, and H. no- 
dosa^ Bill.,^ Anticosti group, and H. lindstrotnt n. sp. from the 
Upper Silurian rocks of Gotland. 

Upon comparison I find that the Lower Silurian species differ 
from the Upper Silurian And typical section of the genus in 
having the cell-apertures arranged in longitudinal series between 
elevated ridges, and the interspaces between the ends of the 
zocecia apertures longer. In H.fragilis the apertures are rather 
oblique, oval or subquadrate, and separated by comparatively 
thin subequal walls. In the Gotland species they are ovate, 
nearly or quite direct, and surrounded by a hexagonal margin. 
The Upper Silurian and Anti«osti species also have small acan- 
thopores, which, so fajr, have not been detected on any of the 
Lower Silurian forms. In short the latter compare more closely 
in the arrangement of the zooecia with Arthroclema Billings 
than do the typical species. 

It gives me great pleasure to name this species as above, in 
honor of the talented Swedish palaeontologist. Dr. Gustav Lind- 
Strom, to whose kindness I owe the opportuhity of studying 
this beautiful species. The specimens are more perfect than 
those of any other species of Helofara yet seen by me. 

In Arthroclema,, Billings, the arrangement of the zooecia is, 
as has already been intimated, very much the same as in the 
Lower Silurian species Helopora^ but the development and com- 
bination of the segments in the three species known to me is so 
peculiar that the distinctness of the two genera can scarcely be 
questioned. In Arthroclema^ namely, the zoarium is composed 
of a large number of subcylindrical segments. These are ar- 

1 In the Catcdogue Sil, Foss, Anticosti^ Mr. £. Billings describes twelve 
species which he refers to Helopora, I have not seen specimens of all of 
these but from a study of the descriptions I believe I can say safely that 
with the exception of the three species above mentioned, and possibly H, 
formosa and H, concava, none of the others are congeneric with /f./ragiUs. 
H, lineata and perhaps H. strigosa and H, stricUopara belong to Nematih 
fara; the others are undetermined. 
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ranged in a bi-pinnate manner, those forming the central stem 
being the largest. Each of the primary segments has one or 
two sockets on each side for articulation with a smaller second- 




Fig. 1, Thin sections illustrating the internal structure of Htlefora 
JragUit Hall, from the Clinton group at Hamilton, Ontario, and H^«fora 
HndUromi n. sp.' from the Upper Silurian o( Gotland. 

All the Rgures are magnified i8 times, u, vertical section of small 
segment of M. fragilis, showing the zocEcia as they diverge from the 
central ails, f, small portion of a tangential section of the same, showing 
Bcanthopores at the surface, c, tangential section of the same, at it ap- 
pears in the ferruginous matrix; in these examples the extreme outer 
region la destroyed ; this section, however, still shows good indlcanbns ol 
acanthopores and, hear the center of the figure, a close set row of much 
•mailer pores, d, transverse section of the same passing through seg- 
ment near its upper extremity, t, transverse section of the same cutting 
the segment just above its basal extremity, f, tangential section of ti. 
lindiiromi, showing form and arrangement of zotecla and acanthopores. 
^, transverse section of the same. Ji, vertical section of the same. 

■ The cylindrical or slightly club-shaped segments of thla fine species 
varjp In length from lo to 15 mm., and in diameter from 1.3 to 1.8 mm. Both 
eatrcmitiee are without cells and nearly smooth, the upper one flattened 
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sury set. These, again, in like manner articulate with still more 
slender tertiary segments, forming at the same time jointed 
parallel branches of the primary series of segments. 

Excepting in the Trenton beds near Ottawa, Canada, the 
segments of Arthroclema are rarely found still in connection. 
As the isolated segments closely resemble those of Helopora 
they might readly be mistaken for a species of that genus. 
They might even be supposed to represent two or three species, 
since the secondary and tertiary elements are considerably 
smaller than the primary one. This faqt furnishes another 
point of difference from Helopora^ since in that genus all the 
segments are approximately equals The main difference, 
however, is found in the two or more sockets that occur on the 
sides of the primary and secondary segments of Arthroclema, 

In the typical species of the new genus Nematofora the mi- 
nute characters and zocecial arrangement closely resemble those 
of Arthrostylus^ only the zooecia open on all sides of the branch- 
ing stems. The type and several other species are from the 
Trenton limestone ; two species occur in the Cincinnati group, 
several in the Andcosti, and two or more in the Niagara. 
HairS Trematopora minuta belongs here. 

In the above short sketch I have endeavored to give the 
student a fair idea of the distinctive characters of the several 
genera comprised in the ArthrosiylicUe, On account of the 
small size of the segments the species will probably continue to 
be overlooked by the ordinary collector, but he who takes an 
interest in palaeozoic bryozoa should not fail to search for them, 
as I can assure him he will find them not only an interesting 
group, but also attractive objects under the microscope. Thin- 
sections are easily prepared of most of them by simply taking 
slices of the rock holding them ; and none are too small to be 
thus studied. All of my sections of them have proved more 
or less instructive and not a few make really handsome micro- 
objects. 

and slightly concave centrally, the lower moderately convex. Zooecia 
arranged In quincunx ; measuring lengthwise seventeen in 5 mm. ; diag- 
onally, four In I m. Apertures direct, oval, with a very narrow peri- 
stome, set Into a rhomboidal or hexagonal concave area. A rather strong 
acanthopore generally occupies the space between the ends of the 
xooecia apertures. 



Miller on the Taconic, 235 

THE TACONIC SYSTEM AS ESTABLISHED BY EMMONS, 
AND THE LAWS OF NOMENCLATURE APPLICABLE 
TO THE SUBJECT. 

BY S. A. MILLER. 

The term Taconic system must be retained for all the rocks 
existing between those belonging to the Laurentian age and the 
Potsdam group of base of the Lower Silurian series, if it was 
properly defined and published prior to the definition of any 
other geographical name for the same rocks. In other words, 
the laws of priority, in naming groups of rocks and the so-called 
systems, must be as rigidly enforced as they are in the naming 
of fossils and plants, if we are to have system and order, instead 
of confusion, in geological science. When a group of rocks 
have been named, and the fossils from them have been des- 
cribed and illustrated so the rocks may be identified by a pale- 
ontologist elsewhere than at the typical locality, the name must 
be retained, to the exclusion of all names subsequently pro- 
posed. Synonymy in stratigraphical geology, is quite as odious 
and objectionable as it is in palaeontology, and most of it has 
resulted from the ambition 4f those whose work has rather re- 
tarded than advanced the progress of science. 

The value of the rule of priority, as thus stated, will find no 
more forcible illustration, than that presented by an examina- 
tion of the extent of the rocks now under review, and the his- 
tory of the synonymy to which they have been subjected. 

In 1842 Ebenezer Emmons, in his report on the second geo- 
logical district of New York, described the rocks lying on the 
sides of the Taconic mountains, parallel with the boundary line 
between New York and Vermont, under the name* of the Ta- 
conic system. He found the belt on the western border of the 
mountains more than fifteen miles wide, and on the eastern side 
nearly twenty-five miles, making a total of nearly forty miles. 
The rocks occur in Westchester, Columbia, Rensselaer and 
Washington counties, and stretching the whole length of Ver- 
mont enter Canada and extend beyond Quebec. He mentioned 
a typical locality in Berkshire, Massachusetts. The general 
character of the rocks was given as follows : 

I. A coarse granular limestone of various colors, called Stockbridge 
imestone from the quarries at that place. 
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2. Granular quartz rock, generally fine-grained, in firm, tough^ 
crystalline masses of a brown color, but sometimes white, granular and 
friable. 

3. Magnesian slate. 

4. Sparry limestone. 

5. Taconic slate, which is extremely fine-grained and only slightly co- 
herent. 

He traced the rocks in a north and south course for 150 or 
200 miles, and observed the fact that they underlie the Potsdam 
sandstone, wherever it does not rest upon the gneissoid strata^ 

In 1844 he published the "Taconic system," reviewed hia 
former work, furnished numerous evidences in support of the 
existence of these rocks below the Potsdam and above the 
gneissoid rocks, or what are now known as the Laurentian, 
and ascertained that they had a thickness, as shown by a single 
section, of more than two miles. He said, taking one broad 
view of the whole system, it might be described as consist- 
ing of fine and coarse slates with subordinate beds of chert, 
fine and coarse limestone, and grey, brown and white sandstone ; 
these admitting however, of further divisions. The leading 
divisions recognized were: 

1. Granular quartz or brown sandstone resting unconformably upon 
the oldet gneiss. It is the least regular in its continuation of any of the 
rocks of the Taconic system, and generally appears in isolated mountain 
masses, as at Oak hill between Adams and Williamstown, Mass., at 
Monument mountain in the south part of Berkshire, in the east part of 
Bennington, Vt., and in Dutchess, Putnam and Westchester counties, 
New York. 

2. Stockbridge limestone, generally known as StockbHdge marble and 
occuring in New York, Vermont, Massachusetts and Connecticut.. 
Commencing at Sing Sing, it runs a northerly course through West- 
chester, Dutchess and Columbia counties, and extends into Connecticut.. 
It passes up the valley of the Housatonic into the upper valleys of the 
Hoosic, and onward into Vermont, and is well represented at Williams- 
town, Massachusetts. 

3. Magnesian slate which composes the highest mountains in the Ta- 
conic ranges. The range of mountains convposed of this slate extending 
along the western border of Massachusetts and through Vermont, often 
rising to the hight of fifteen hundred feet, known as the Taconic range 
furnished the name to this system. It crosses the Hudson about thirty 
miles above New York city, and passing south through New Jersey 
enters Pennsylvania. 

4. Sparry limestone, a name given to it many years before by Prof. 
Amos Eaton. It occupies a belt of country in the eastern part of Dutch- 
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ess, Columbia, Rensselaer and Washington counties, and, passing north, 
strikes the west line of Arlington, Vermont. 

5. Taconic slate, with its subordinate beds of roofing slate and coarse 
brecciated layers. It occupies almost the whole of Columbia, Renssel- 
aer and Washington counties, and extends to the base of the Taconic 
range, which separates New York from Vermont and Massachusetts, 
and has an immense thickness. It crosses the Hudson above Newburg, 
and passes through Orange county into New Jersey. From the roofing 
slate he defined Dtplograptus simplex^ and from the Taconic slate in 
Washington county Buthotrephis jlexuosa^ B. rigida^ Palteochorda marina^ 
Nemapodia tenuissima^ Nereites deweyi^ N, gracilis^ N. jacksoniy N. lanceo- 
latus, N. loomisiy JV. pugnuSy Myrianites tnurckisoni and M. sillimani. 

6. Black slate, forming so far as he knew the highest member of the 
Taconic system, and from which he named and illustrated Elliptocepha- 
lus asapkoides and Atops irilinealus. 

He identified the Smithfield limestone in Rhode Island with 
the Stockbridge limestone, and an accompanying slate with the 
Magnesian slate; and in Blackstone valley he found the brown 
sandstone and fine granular quartz. He recognized in the 
slates in Waterville, Maine, the Taconic slate of New York, 
and found the Nereites^ at Kennebec. The fine roofing slates 
on the Piscataqua he found subordinate to the Taconic slate in 
like manner as they exist in New York. And, jointly with 
Douglass Houghton, the Taconic system was found largely de- 
veloped in the upper peninsula of Michigan ; the slates of the 
formation with their fucoidal impressions and the granular 
quartz were both recognized. In 1846 he reproduced his work 
on the Taconic system in a report on the Agriculture of New 
York, with an appendix describing a conglomerate at the 
base resting unconformably upon granitic rocks. 

In this manner tKis geological subdivision was first deter- 
mined, defined and established, and it should have been recog- 
nized from that time forward. But others, much less in- 
formed, disputed the existence of the rocks, erroneously refer- 
red his fossils to more recent genera, and some, finding the 
same rocks, gave to them different names, which added to the 
confusion, and seriously retarded the progress of knowledge re- 
specting them. It may be that later researches have not, in 
every respect, sustained his determinations, but Ford's work 
near Albany, New York, where the position taken by Emmons 
was most violently assaulted, has not only corroborated him, 
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but has forever set the question at rest, in that locality ; Wing, 
Dale and Dwight have sustained his assertions respecting the 
want of conformability of the Hudson River slates with the 
Taconic. All the surveys of Michigan and Wisconsin have 
sustained him, though the geologists apply the later name, 
Huronian, to these strata. His determinations of the rocks in 
North Carolina have been most fully confirmed by later geo- 
logists, though some also use the word Huronian when refer- 
ring to them. 

In 1849 Alexander Murray an assistant on the geological 
survey of Canada, in the report of progress for the year 1847, 
described the rocks on the north side of lake Huron and many 
of the adjacent islands under the name of «^ quartz rocks and 
sandstones, conglomerates, slates and limestones," and correctly 
identified them as resting unconformably upon the older grani- 
tic and syenitic gneiss, and succeeded unconformably by the 
Potsdam; but he did t^ot call them by any geological name. 
If he had read Emmon's "Taconic System," it is difficult to 
conceive why he should have hesitated in referring the rocks to 
that system. In the report of progress of 1856 he described 
these rocks under the name of the " Huronian series," which 
was adopted by the officers of the Canadian survey, without 
once mentioning the Taconic system. From that time forward 
authors have generally used the name Huronian, and have al- 
most annihilated the name Taconic. The word Taconic how- 
ever has priority over Huronian; it is equally appropriate, and 
the definition of the fossils in the upper slates at once furnishes 
the means of tracing it and determining it at different and dis- 
tant places. The word "Huronian" is therefore a synonym 
for Taconic, and comprehended, as used originally by the Cana- 
dian geologists, substantially the same series of rocks, though not 
ascending quite so high. 

A section of the so-called Huronian, but more properly the 
Lower Taconic, between the Mississippi and St. Mary's rivers 
in ascending order is as follows: 

1. Grey quartzyte 500 feet. 

2. Greenish, red-weathering chloritic and epidotic slates 2000 " 

3. White quartzyte etc 1000 " 

4 Slate conglomerate 1280 " 

5. Limestone 300 " 

6 Slate conglomerate etc 3000 " 
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7. Red quartzy te etc 2300 feet 

%. Red jasper conglomerates etc 3150 ** 

9. White quartzyte etc 2970 " 

10. Yellowish chert, etc 400 " 

11. White Quartzyte etc 1500 " 

12. Yellowish chert etc 200 " 

13. White quartzyte 400 " 

Total 18000 feet 

Another section adds to this one 4000 feet, and even then the 
maximum thickness of the series' in that locality has not been 
reached. 

Throughout the Huronian region, the whole series bears evi- 
dence of great disturbance and is frequently cut with intrusive 
masses of greenstone, granite, or other igneous rocks. The 
more recent disturbances frequently bear metalliferous veins, 
which give to the country its value as a mineral region. Cop- 
per and iron are the chief minerals and abound in nearly every 
section, — gold and silver sometimes occur. The Taconic of 
Michigan contains vast beds of iron ore. The ores are mag- 
netic, red specular hematite, and soft hematite resembling the 
the brown hematite of other states. The magnetic and specul- 
ar ores are the most prized, and usually contain from 60 to 70 
per cent of iron and hardly a trace of phosphorus or sul- 
phur. The lake Superior region is the chief locality of the 
world for native copper. It is so pure the aborigines manu- 
factured it into implements. The copper-bearing rocks extend 
eastward along the south shore of the lake for more than forty 
miles, then forming a narrow belt stretch in a north-east direc- 
tion, for about 100 miles, to the extremity of Keweenaw point. 
The copper occurs in a rock called melaphyr associated with 
beds of conglomerate which appear to be interstratified with 
it. Sometimes bands of slate separate beds of melaphyr. The 
native copper exists in sheets, strings and masses, and is some- 
times associated with silver. In Ashland county, Wisconsin, 
the copper-bearing series has a thickness of more than four 
miles though not very rich, in ore. The Taconic area in Min- 
nesota is large. It extends across the northern border, and form- 
ing an elbow in the northeast extends diagonally through the 
state to the southwest corner. Here there is a reddish metamor- 
phic sandstone called the Sioux quartzyte, interstratified with 
which is a layer of red indurated clay or pipestone one foot 
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thick called catlinite, largely used for the manufacture of pipes. 
The quarry is thirty miles north of the southwest corner of the 
state and four miles east of the west line. The Sioux quartz- 
y te occurs in the north-west corner of Iowa. 

The geological extent of these rocks in Canada is very great. 
They may be traced from near lake Tematscaming, 80 miles 
north-west of lake Nipissihg, southwestward to lake Huron, 
and from thence westward, oq the north shore of the lake and 
the north shore of lake Superior, and on beyond lake of the 
Woods, a distance in all of about 800 miles. They pass beneath 
the lakes and expose a large area in the upper peninsula of 
Michigan, at Marquette and Menominee, and a great thickness, 
extending from the lowest to the highest Taconic, as first ascer- 
tained by Houghton ; thence they pass into Wisconsin, exposing 
a large area and quite as complete a representation of the series, 
while another arm extends from Duluth into Minnesota. The 
thickness in Michigan is about four miles, but in Wisconsin, in- 
cluding the Copper-bearing series which is three-fourths of ig- 
neous material, the thickness is much greater, and even exclud- 
ing the igneous material the thickness e:(^ceeds four miles. The 
upper part of the Taconic system in Wisconsin, formerly called 
"The Copper-bearing series," has received the unattractive 
name of the Keweenawan formation, from Keweenaw point, 
but as it is part of the Taconic system, the preferable name is 
. the older one ot the " Copper-bearing series." The rocks ap- 
pear between Scoresby bay and cape Cresswell, in latitude 
82° 40' N., where Nares and Feilden called them Cape Rawson 
beds. In 1856 Emmons divided the system into Upper and 
Lower Taconic. The Canadian geologists, in 1863, placed the 
Upper Taconic in the Silurian system, and called it "Lower" 
Potsdam, which name therefore became a synonym. The only 
geographical names which have been used to subdivide the 
Upper Taconic into groups, which seem, in the present 
state of learning, to be worthy of retention, are in descending 
order, the Swanton group, the Georgia group and the St. 
John's group — if in fact the last is below the Georgia and there- 
fore not a synonym. Emmons placed the Stockbridge lime- 
stone in the Lower Taconic, but it would seem from the exami- 
nations made by others that his division would have been more 
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clearly marked if the Stockbridge limestone had been retained 
in the Upper Taconic. The Paradoxides beds at Braintree, 
Mass., in Newfoundland and New Brunswick, and wherever 
found on the continent, belong to the Upper Taconic. The 
same difficulty exists in the west in separating the Upper Ta- 
conic from the overlying rocks of the Potsdam, that has led to 
so much discussion in the east, and the confusion is increased, 
by the addition of numerous synonyms — the ready weapon to 
to which ignorance resorts. 

In 1863 G. F. Mathew named the rocks exposed at St. 
John's, New Brunswick, the " St. John's group." He described 
them as arenaceous, argillaceous and carbonaceous shales and 
clay slates, often sandy, with sandstone and quartzyte, having 
a thickness of 4500 feet, and an exposure about 30 miles long 
and four miles wide. He collected Paradoxides^ ConocephaU 
ites^ Obelella^ Orthis Orthisinay Discina^ Hyolithes^ and Lin- 
gular In 1865 he and Bailey and Hartt correlated these rocks 
with the slates of Vermont having Olenellus (^JSllipsocephalus) • 
asaphoides^ and the schistose beds at Braintree, Mass., holding 
Paradoxides Aarlani; thus proving Their "St. John's group," to 
be a synonym, for Emmons "Black slate" in the Upper Ta- 
conic system. Furthermore, they identified the slates with 
some found in Newfoundland containing Paradoxides and 
Conocep halites, 'Later, they divided the Lower Taconic of 
New Brunswick, which they called Huronian, into the " Cold- 
brook group," the " Coastal group," and the " Kingston group," 
and estimated the thickness as exceeding 10000 feet. 

The Vermont geologists in 1861 called the Black slate, Ta- 
conic slate and Roofing slate of Emmons, the "Georgia 
group." The name Taconic has priority over the " St. John's 
group," and if the Taconic system is to be divided into groups, 
with geographical names, and three divisions of Emmons are 
to be thrown together in one group, then they must, under the 
laws of nomenclature, bear the name of the Georgia group. 
The Black slate has however been called the Swanton g^oup, 
and if this name should become desirable, then the Upper Ta- 
conic would be divided into the Swanton group and the Geor- 
gia group; and their maximum thickness in Vermont exceeds 
two miles. This division is that adopted by Perry, who has 
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shown that the Potsdam sandstone rests directly upon the 
S wanton or Black Slate group as originally asserted by Em- 
mons, and that both the Swanton group and the Georgia group 
are fossiliferous. 

The Taconic rocks extend from Canada East and Maine to 
Georgia and Alabama, flanking almost i:ontinuously the ranges 
of mountains upon both the eastern and western slopes. Their 
thickness in New Hampshire is over four miles, and in Ver- 
mont the maximum must exceed five miles. The slate belts of 
York and Lancaster counties, Pa., and the rocks containing 
the valuable ores of nickel and copper, belong to this system. 
There are five extensive outcrops in North Carolina, and three 
or four subordinate ones. They rest unconformably upon the 
belts of the exposed Laurentian, and very much resemble, in 
their characters, the subdivisions in Vermont and New York. 
The largest outcrop is from 20 to 40 miles wide, and extends 
quite across the state. The maximum thickness exceeds five 
miles. There are large outcrops in Virginia, South Carolina, 
Georgia and Tennessee, andjimited outcrops in Alabama. Gold, 
silver, copper, lead, iron and other valuable minerals occur in 
these rocks, not only in veins, fissures, and dykes, but in seams 
following stratification, and as parts of the sedimentary materi- 
als. In northern Georgia gold exists in seams with milky 
quartz, following the stratification of hornblende schists, and 
constituting as truly sedimentary rocks as the schists themselves 
do. The seams are stratified within the slaty sediments, and 
are of the same age as the Taconic system. These seams are 
so constant that they characterize the slates and schists, in the 
Appalachian system. They are metalliferous, and frequently 
auriferous or cupriferous. The magnetic, and specular iron 
ores also occur, with the material of the slates, as a deposit of 
the same age, and constituting part of the same system. This 
mineral wealth is so distributed that it is practically inexhaust- 
ible. The Taconic appears in Missouri, Arkansas and Texas. 
The iron ore districts, about Iron mountain and Pilot Knob, con- 
taining porphyry rocks, is of this age, but the granite to the east is 
Laurentian. The ore is found in very thick veins, in Iron and 
Shepard mountains and Pilot Knob. It is specular ore con- 
taining betweet 60 and 75 per cent of iron, free from sulphur 
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and bearing no more than a mere trace of phosphorus. The 
rocks appear in numerous places in the Rocky mountain ranges 
from Mexico to British Columbia, often exposing great geo- 
graphical areas and an immense thickness, and usually metallif- 
erous. 

The genera regarded as typical of the Taconic fauna and 
which do not pass up into Silurian rocks, are Paradoxides^ 
Mtcrodiscus^ Atops^ or Ptychofaria^ Olenellus^ Conocoryfhe^ 
Anofolenus^ Bathynotus^ Solenofleura^ Acrothele^ Salterella^ 
Sceneiia^ Iphidea^ Hyolithellus^ Archceocyathus and Ethmo- 
phyllum. There are some others peculiar to these rocks, but 
they are either obscure or limited in their distribution. Some 
genera closed their existence in Silurian time, others reached 
the Devonian age, and some, from this remote period, as Orthis^ 
Orthisina^ Orthoceras^ and Leperditia^ continued to live to the 
Carboniferous, through Orthocercts reached its most remarkable 
development, in the Black River group, and Orthis^ in the 
Hudson River. Not a single species belonging to the Upper 
Taconic system crossed over the line that separates it from the 
Potsdam group of the Lower Silurian so far as any reliable 
determination has thus far been made. This, supported as it is 
by a want of conformability, indicates a vast lapse of time be- 
tween the deposit of the Upper Taconic and the commence- 
ment of the Potsdam period. The Taconic is composed of the 
disintegrated materials of prior Lauren tian rocks, while the 
Potsdam represents the washings of the Laurentian and Ta- 
conic. 

The Cupriferous series of the Lake region, called also the 
Keweenawan, ICeweenian, Keweenawian and Nipigon series, is 
supposed to underlie nearly the whole basin of lake Superior, 
or an area of about 28000 square miles, and a surface area, upon 
the borders of the lakes and their immediate vicinity, of about 
18000 square miles. This series has been divided into an upper 
and lower division, with an estimated maximum thickness of 
CI 5000 feet for the upper division, and 35000 feet for the lower 
which rests upon the slates and quartzy tes of the Taconic system, 
the last having a variable thickness that reaches a maximum 
of at least 22000 feet. The Cupriferous series consists of erup- 
tive nows and detrital rocks, with massive dikes. The region 
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was, in Taconic days, represented by a volcano, which has sunk 
beneath the waters of the lake. The flows were followed by 
detrital rocks representing the intervals of time between them ; 
but these detrital rocks are composed largely of conglomerate 
layers and 'large sized pebbles, indicating strong currents of 
water. The flows visible upon the borders of the lakes were 
forced through Assures by volcanic energies. The copper, 
which occurs in the conglomerates, amygdaloids, epidote veins 
and otherwise, is supposed to have been precipitated from water 
holding it in solution, or leached from detrital rocks where it 
was originally deposited in a sulphureted form. R. D. Irving, 
who has studied closely the copper bearing rocks of this region, 
says the explorer for transverse veins should bear in mind that 
epidote, prehnite and chlorite are favorite associates of copper, 
while laumonitic veins and those bearing a predominating quan- 
tity of calcite are not so rich ; that a wide vein in amygdaloidal 
or other soft rocks will pinch to a mere seam, within the mas- 
sive and compact layers; and in sandstone and conglomerate 
deposits the valuable belts have been found where the conglom- 
erate is overlaid with trap, or in sandstone very rich in basic 
detritus. Any of the conglomerate seams from Keweenaw 
point to Minnesota may be cupriferous. All of the upper div- 
ision of the series is non-cupriferous, except the Nonesuch sand- 
stone belt in the Porcupine mountains; and all the belts and 
areas of acid rocks, such as the central area of the Porcupine 
mountains, and the great spread of red rock, in the Brul6 lake 
country in Minnesota, and all belts and areas of coarse-grained 
basic rocks, such as the great area of coarse gabbro in the Bad 
river region in Wisconsin, and the similar area which occupies 
the belt of country from Duluth to Brul6 lake, are also non- 
cupriferous. The slates and quartzytes of the Taconic system 
which lie below the Cupriferous series on the north shore of 
lake Superior, have been called the Animikie group. About 
^hree-fourths of the great thickness of the rocks is referred to 
Volcanic overflows and does not therefore, belong to the geo-' 
logical column, the whole of which is the result of sedimentary 
deposition. 

The vast extent and great thickness of the rocks, res^ng on 
the granite and gneiss and followed by the Potsdam sandstone^ 
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were first made known by Ebenezer Emmons. He described 
their stratigrapical and mineral characters as carefully and fully 
as any one was capable of doing in his day, and he furnished 
the palaeontological evidence by which they might be determined, 
and gave to them a geographical name according to the require- 
ments of nomenclature. Every species illustrated by him is 
a valid species to-day, and none of them occur in higher rocks. 
The generic name Ellipsocephalus was preoccupied and henco 
gave way to the later name Olenellus^ but Olenellus asaphoides 
is characteristic of the Upper Taconic in the region explored 
by Emmons, and the genus is characteristic elsewhere. His 
Aiofs trilineatus is characteristic, though complaint has been 
entered against the name Atops because he did not define it, and 
some use therefore the later generic name Ptychoparia, He 
illustrated, and named the fossil for the purpose of showing the 
fauna of the rocks, and whether his generic name shall stand or 
that of Corda be substituted, is of no importance, so far as his 
labors went, in establishing the Taconic system. 



EDITORIAL COMMENT. 



THE RIGHTS OF INTELLIGENCE UNDER PAID SERVICE. 

Again we hear the sound of complaint in behalf of uncredited 
and unhonored work performed under contract, for a pecuniary 
consideration. It is a familiar sound. A bright and industrious 
young man enters into an agreement with an employer to per- 
form a certain service involving more or less learning, intel- 
ligence and administrative ability. It may embrace work in 
original scientific investigation. The engagement runs on for 
years by mutual consent, and the employed acquires a high de- 
gree of ability for original research. The results of his labors, 
however, appear under the name of his employer; and the im« 
mediate investigator's name remains unannounced to the public 
— at least, uncredited for the work done. Such instances have 
fallen upder our observation from the fields of general geology, 
palaeontology, zoology and botany ; and the paid investigator 
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has not in all cases, been a young man. Whatever the field and 
whatever the condition in life of the person engaging his services 
for hire, the ethical principles involved are the same. They are 
the common principles of ethics ; they are very obvious, and dis- 
entangled from their environment, are very simple. 

The case is so siixiple that we venture to state elemental prin- 
ciples which must regulate correct action. 

Every agreement made is binding, according to its terms, 
against both the parties ; and neither party has the right to 
terminate it or alter its provisions during the period specified in 
the agreement. If no period is specified, the agreement may 
be terminated at the will of either party ; and if neither party 
signifies his desire to terminate the agreement, both continue to 
be bound by it. The agreement may prove onerous to one of 
the parties. It may become increasingly onerous ; but unless the 
stipulated period of its continuance has been completed, he has 
no remedy but an appeal to the generosity of the other party. 
This supposes, of course, that the other party continues to ex - 
ecute faithfully all the stipulations to which he agreed. 

In an agreement to render scientific service for a money con- 
sideration, accessory conditions come into view, which constitute 
a distinct class of contracts; but these conditions do iy)t qualify 
the ethical principles involved in all contracts. They become, 
rather, an occasion for the introduction ol special stipulations in 
the form of the contract. Whether introduced or not, the moral 
and legal obligations created by it exist under the simple prin- 
ciples just stated. 

The most important accessory condition in a contract for 
scientific service is the usual knowledge and intelligence re- 
quired, and the increased value of their service with increase of 
knowledge and experience. Plainly, if the stipulations of the 
contract do not provide for special compensation in some form, 
in addition to the pecuniary consideration, the employ^ has no 
claim on his employer, beyond the stipulations. If, they do not 
provide for increase of compensation, either in money or repu- 
tation or some other form, as the value of the employe's services 
increases with his experience, the latter still, has no claim be- 
yond his agreement. The employer has discharged his duty, if 
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he has kept the stipulations of^the contract to the end of the 
specified period. ' , 

Th^ most plausible ground of complaint against an employer 
is the neglect to make public acknowledgment of results pro- 
duced under the contract by the employ^, iYi cases where the 
terms of the contract do not expressly provide for such acknowl- 
edgement. Where alternative courses are open to the em- 
ployer, the employ^ should see beforehand that the contract 
provide for one course or the other. If he does not, neither 
-party has liberty to elect arbitrarily which course shall be pur- 
sued. Usage must control. If the contract does not specify 
that the employ^, in addition to his material recompense, shall 
be publicly credited for his work, then the employer is not at 
liberty to hold arbitrarily that no such credit shall be given; 
and the employe is not at liberty to hold arbitrarily that it shall 
be given. The contract must be construed in the light of 
existing usage. But if usage be divided, either party may in- 
sist on the usage preferred by him ; but neither can have redress 
if his view is not accepted by the other. However, as the giv- 
ing or witholding of public credit is necessarily the act of the 
•employer, his decision on the usage to be followed will neces- 
sarily prevail, and the employ^ has no redress. 

Does any usage exist then, in reference to the accordance 
'of public credit for work done, in additional to the material re- 
compense? The director of a geological survey is himself the 
•employ^ of the State The results of his investigations are pub- 
lished under his own name. It has never been known that the 
name of the State was subscribed to the results, to the exclusion 
of that of the director. In this case, however, the agency of 
the State is a minimum, and does not embrace any part of the 
intellectual effort represented in the result. 

The director of a geological survey generally employs assis- 
tants. These receive pay for their services and also credit 
for the professional work personally performed. The Director 
of the United States survey surrenders all claim to the credit 
for results attained. The Chiefs of Divisions also, divide honors 
with their subordinates in the proportion of results attained 
severally. Every worker receives his pay, and such reputation 
as he can make in addition. Not less, where the work of a 



24^ Editorial CommefU. 

division is chiefly in the laboratory or ofllice — as in researches 
in palseontological collections made by others. Every worker 
becomes responsible for what he accomplishes. Even the col- 
lector stands credited in the published reports. Such seems to 
be the usage in the conduct of public investigations. 

Naturally, the same usage might be expected to prevail in- 
investigation under private auspices. But it cannot be said that 
such is the case. There is an obvious reason for the difference. 
The pecuniary costs of field-work and investigation are often 
very considerable. When the general public defray the costs, 
no individual's contribution is important ; and no individual ac- 
quires any claim antecedent to or collateral with that of the ex- 
plorer or investigator. But when the expenses are defrayed by 
one individual, he acquires a lien on all the results worked out 
under his direction ; and can dispose of his rights according to 
his own pleasure. If he can get investigation done for a salary, 
that is his right ; but, if he is willing also, to accord some amount 
of public credit to his paid investigator, that is under his discre- 
tion. There is good reason for his not disbursing to others all 
credits for results produced. That he has not personally pro- 
duced all of them is due simply to the fact he has yielded to others 
so much opportunity to become experts and acquire standing. 

Where investigations ^re carried on at the cost of a public 
museum or institution the results sustain relations analogous to 
those accruing from a public survey. No individual can assert 
a prior lien on the ground of antecedent expenses. By estab- 
lished usage in public work, and by a rational courtesy, the as- 
sistant in such case is entitled to due acknowledgement, even in 
cases where previous agreement does not stipulate for it. 

Speaking now exclusively of cases in which the employ^ 
engages in paid investigation under private auspices, and with- 
out stipulation for any compensation other than the material 
salary, it appears to us that the employer might even to his own 
advantage, make such public recognition of the work of the 
employ^ as to enable him to feel that he is creating honorable 
reputation in common with similar workers on public enter- 
prises. Still, he should feel that his employer has borne great 
personal burdens, and should not expect him to cede all honor 
and reputation to those whose opportunities he has created. 
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Every subordinate worker under private auspices, without 
pledge for share in the reputation earned, may still congratulate 
himself on the opportunity for acquiring exceptional skill, and 
laying the foundations of personal reputation, whenever he shall 
become free from the restraints of his personal obligations. If 
however, while such eventuality is pending, health fails, or 
death intervenes, the case becomes deeply sad; but the disap- 
pointment can only be regarded as an incident of human for- 
tune. It is not an occasion for incrimination of the employer, 
unless it appears that he failed in the discharge of some portion 
of his agreement with the employed. It furnishes, however, a 
a fit opportunity to exercise his magnaminity in according to 
his coadjutor and helper a posthumous reputation to such an ex- 
tent as it may be done in justice to himself. 

The discussion of this subject would be incomplete, should we 
fail to point the moral. Every man, young or old, who engages 
in the paid service of an employer conducting researches at his 
own cost, should enter into a written agreement specifying to 
what extent he will be entitled to public acknowledgement for 
scientific results attained by his personal efforts. This precau- 
tion should also be taken if the work is to be done under the 
auspices of a public museum. If under the auspices of a pub- 
lic survey, credit may be expected and demanded under the law 
of prevailing usage. 

THE USE OF THE TERMINATION YTE FOR NAMES 

OF ROCKS. 

The use of the termination "yte" in The American Geolo- 
gist has occasioned some inquiries. As we expect the journal 
to be read by many who are not professional geologists, a word 
of explanation is here offered. In the fifth edition of his System 
of Mineralogy (1868), Introduction^ p. xxxiv, professor 
James D. Dana introduced the following paragraphs: 

'^It has appeared desirable that the names of rocks should 
have some difference of form from those of minerals. To se- 
cure this end, the author has written the final syllable ite of 
such names with a y\ thus Diorite, Eurite, Tonalite, etc., are 
written Dioryte, Euryte, Tonalyte. The y is already in the 
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name Trachyte. The author has allowed Granite, and Syenite 
to remain as they are ordinarily written, since they are familiar 
names in common as well as scientific literature.*' 

In the third edition of his Manual of Geology (1880) page 
67, the same change is formally adopted into that work. It 
has not however been sanctioned by the usage of geologists 
either American or European. It is not employed in E. S. 
Dana's Test Book of Mineralogy (3rd ed., 1880); and every 
writer in the American youmal of Science (controlled by J. 
D. Dana) is allowed to employ his own orthography. The 
Minnesota geological survey, however, has uniformly employed 
the new spelling, and the managing editor has introduced it 
into the Geologist. With any manifest tendency to adopt the 
spelling proposed by Dana, it might be desirable to expedite the 
result by promoting the multiplication of examples of approval. 
For the present however, the final verdict of geologists cannot 
be anticipated with any probability. 



TO ALL AMERICAN GEOLOGISTS. 

The International Geological Congress at Bologna determined to put 
to a practical test the best of the many schentes presented to it for unify- 
ing the colors in geological map-making, by selecting some large area 
which should be as well known as possible to the largest number of geol- 
ogists, and which should include the greatest number of cartographical 
difficulties. Europe was naturally the area chosen. Not only is there in 
that continent a greater number of geologists to the square kilometer 
than in any other, but from the very fact that they belong to various differ- 
ent and unhappily sometimes antagonistic nationalities, it was shrewdly 
thought that if any scheme can pass the order of acceptance there, its 
chances elsc-where are very good. As to the inherent puzzles of struc- 
ture, whilst it cannot be said that Europe has the monopoly of them or 
can even furnish the most difficult problems for solution, yet what there 
are have been so long and so zealously discussed by the masters in geol- 
ogy that it atones for the want of natural intricacies by having secured 
a large amount of artificial ones. The area is therefore well chosen. 

The Congress decided to accept as a base for the map one specially to 
be prepared by Prof. Kiepert of Berlin, which is to include all the latest 
geographical data published and unpublished. As a geographical map 
alone it will therefore have the highest value. It is to be printed in 49 
separate sheets (7 in width and 7 in hight) of which each is to be about 
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48 centimeters (say 19 inches) high by 53 centimeters (say 21 inches) 
wide. The map if mounted as a whole will cover a space 1 1 feet high by 
12 feet wide, and its scale will be i : 1,500,000. To pay for this map the 
Congress has received appropriations 10,000 francs each from the follow- 
ing " large countries " which are considered as " subscribers," and to 
each of which 100 copies of the map when completed will be sent, viz.: 
France, Spain, Austro-Hungary, Russia, Scandinavia, Germany, Great 
Britain and Wales. 

The "other countries" viz: Belgium, Holland, Denmark, Switzerland 
Portugal and Roumania are to divide amongst themselves 100 copies 
and jointly to become a subscriber. 

It occured to the American Committee that inasmuch as the object of 
the enterprize was less to make a map of Europe than to settle a general 
and far-reaching principle, the United States had as much interest in it 
as European countries, and should certainly have some of the maps. 
The only question to settle was, whether it shonld be ranked with the 
"large countries" or come in among the little ones as part of a subscriber. 
On consulting the map of the United States, the annual reviews of 
geological papers published, and the lists of geologists in the United 
States, the Committee was induced — let us hope not too rashly — 
to apply to the map committee for the recognition of its country as 
a large one capable of assimilating 100 entire geological maps. Patriotic 
Americans will not blame the committee for deciding thus, yet it may be 
stated that several thousand circulars setting forth these facts sent out 
by mail during the last three years to all the institutions of learning and 
scientific men whose addresses could be obtained either from the ex- 
change lists of the U. S. Geol. Survey, Cassino*s Directory and the pub- 
lished members of Section E., A. A. A. S.. have thus far resulted in dis- 
posing of only seventy-eight copies. In both the circulars and in in- 
numerable articles contributed by the writer to scientific journals such 
as the Am. Journ. of Sci.; Science, Journal of the Franklin Institute, Am- 
erican Naturalist, the daily papers, and the published proceedings of the 
Am. Inst, of Mining Engineers, of the A. A. A. S., the Am. Phil. Soc. 
&c. &c., it has been again and again stated that the cost of the map to 
every subscriber will be 100 francs plus a few sous for transportation if 
delive)*ed in Europe, but for American subscribers the sum has been 
fixed at twenty-one dollars ($21.00) to cover freight &c. for all institu- 
tions entitled to receive educational publications free of duty. This sum 
will pay all expenses to the express or freight oflice nearest to such insti- 
tution. 

Individuals must pay in addition to this the duty which as nearly as 
it can be estimated now will amount to five dollars. (See the letters of 
Mr. Cadwalader, Collector of the port of Philadelphia, appended.) The 
cost of the map to an individual will hence be $26.00, all expenses paid. 

This will be the same price which will be charged to individuals in 
Europe with one dollar additional to pay all costs to the final destination 
of the map. But as a compensation, the individuals who help the Com- 
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mittee to complete the requisite number of subscribers will receive their 
copies before the sale is opened to the general public. 

The following is a list of subscriptions sent to the undersigned up to 
date. 

It should be understood that no money subscriptions are asked for at 
this time. As soon as I am notified that the map is ready I shall notify 
the subscribers who will then greatly oblige me by promptly remitting 
the amount above mentioned. 

List of Subscribers to the Geological Map of Europe in the 
order in which they were received. 



NAME, 



Williams Colleoe 

Ohio State Umv., Columbus , 

Rensselaer Polvtebhiiie Institute 

University of Virginia , 

Am. Inst, of Mining Engineers , 

Amherst College , 

Cornell University Lfbrarv 

Provincial Museum, Haluax 

Wesleyan University, Mlddletown, Conn , 

Lehigh University, Bethlehem, Pa , 

Academyof Natural Sciences 

Prot C. H. Hitchcock ^ , 

V Prof. J. S. Newberry 

^ Indiana University .« 

Smith College, Northampton, Mass 

U. S. Geolomcai Survey, Washington, D. C 

Rutgers College, New Brunswick, N. J 

Yale University Library , 

American Geographical Sodetv 

Peter Redpath Museum, McGlll College, Montreal 

N. Y. Military Academy 

ProL G. A. Konig 

N. Y. State Library, Capitol, Albany 

Eckley B. Coxe, Drifton, Pa 

University of Nebraska 

Kansas State Library 

B. S. Lyman ......*. 

Johns Hopkins University 

F. W. Matthiesen, La Salle, 111 

Lehigh Valley R. R. Co., Philadelphia 

E. V. D'Invllliers 

Univerbity of Wisconsin. Madison 

2nd Geological Survey of Pennsvlvanla 

State Mining Bureau of California. 

W. S. Keyes, Cal. 8, F 

Washington University 

Dr. R. W. Raymond 

Franklin Institute, Philadelphia 

Harvard Collese Library 

University of North Carolina, Chapel Hill 

University of the City of New Ttork 

R. D. Baker. Philadelphia 

S. F. Emmons, U. 8. Geological Survey, Washington , 

H. F. Sims, Orbisonia, Pa - 

American MuMum of Natural History, N. Y 

Prof. Alexander Winchell, University of Michigan, Ann Arbor 

H. Huber, Argentine, Kansas City 

-^os. E. Mills, E. Qulncy, Cal 

Cooper Union, N. Y 

Collegiate and Polytechnic Institute, Brooklyn 

—Prof. H. S. Williams, Cornell University, N. Y 

Jos. D. Potts, Philadelphia .".. 

Prof. J. C. Fales, Danville, Ky 

T. H. Aldrich, Blocton, Ala 



Number 
Copha, 



1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
8 
1 
1 
1 
1 
3 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
L 
1 
1 
1 
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NAME. 



Chae. Paine. Philadelphia .: 

Colorado School of Mines, Golden, Ck>l .' 

B. W. Morley, Cleveland. O 

F. Klepetko, Houghton, Mich 

Thoe. Macfarlane, Ottawa, Can 

irkansas Geological Survey, Little Rock 

Buchtel CoUege, Akron, O 

Mercantile Library, Philadelphia 

University of Michigan, Ann Arbor 

Alabama Geological Survey, University Ala x. 

8. S. Whelen, Philadelphia 

Worcester Polytechnic Institute ~ 

Julius Bien, N. Y 

W. A. Ingham, Philadelphia 

Dr. Jas. P. Kimball, U. S. Mint, Wash 

Dr. J. 8. Newberry, N. Y 

New Hfurmony Institution, Ind 

R. Ellsworth Call, Des Moines, la 

Boston 80c Nat. Hist 



Total number copies subscribed for. 
Total number subscribers 



Number 
Coptea. 



1 
1 
1 
1 
1 
1 
1 
1 



1 
1 
1 
1 
1 
1 
1 
1 
1 



78 
78 



Of the above 73 subscribers 15 are from Pennsylvania (§2 from Phila- 
delphia); 14 from New York; 6 from Massachusetts. 3 each from Wash- 
ington, Ohio, Michigan, California, Connecticut, and Canada; 2 each from 
Kansas, Indiana, and Alabama; and i each from Arkansas, Colorado, 
Iowa, Illinois, Kentucky, Maryland, Missouri, Nebraska, North Carolina, 
New Jersey, New Hampshire, Wisconsin, and Virginia. 

Not a single copy of this map which is both intrinsically and historic- 
ally of great value, will find its way to the great states of Maine, Ver- 
mont, Rhode Island, Delaware, South Carolina, Georgia, Florida, Miss- 
issippi, Tennessee, West Virginia, Louisiana, Minnesota, Texas, Nevada, 
not to speak of the territories, many of which are well advanced in 
methods of teaching. 

The writer appeals again not only to American geologists but to edu- 
cators everywhere to assist him in placing the remaining 22 copies of 
this map. He is not informed when the map will be ready for distribu- 
tion but it would seem natural that it would be prepared for Congress 
next September if a possibility of this exists. He asks that the names of 
subscribers be sent to him at the address below. 

The Collector's letters are herewith appended : 

Custom House, Philadelphia, Pa., 

Collector's Office, March loth, 1887. 

Dr. Persifor Frazer, Secretary American Committee^ etc. 

Dear Sir: Referring to your communications of 24th, ultimo and 
9th instant respectively, in relation to the question of admitting free of 
duty the International Geological Map of Europe for the use of certain 
subscribing educational and scientific institutions in the United States, I 
beg leave to state that the clause in the tariff which would admit the 
maps or charts described by you to free entry is as follows : " Books, 
maps a^ charts specially imported, not more than two copies in any one 
invoice, in good faith ; for the use of any society incorporated or estab- 
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lished for philosophical, literarj or religious purposes, or for the encour- 
agement of the fine arts, or for the use or by order of any college, acad- 
emy, school or seminary of learning in the United States." In order ta 
have the benefit of this provision it is necessary for the institution to file 
with the Collector ** a certified copy of the certificate of incorporation,, 
and other proof of organization, showing that the institution is of the 
character and established for the purposes mentioned in said provision 
of law" TArt. 313 Regs.). In addition thereto an aflfidavit of the proper 
ofiicer of the institution is required according to the form on blank here- 
with enclosed. [Free Entry Blank, Cat. No. 611, enclosed.] 

You will observe that there are two essential pre-requisites necessary in 
order to brine the institution within the benefits of the provisions afore- 
said, viz.: That it should be such an institution as is described therein,, 
and that the map should be specially imported by its order and for it» 
sole use. 

Every case must be disposed of on its merits, as it arises and no advice 
of a general character can be given in advance further than can be gath- 
ered in a general way from the law and regulations above stated. 

I may say, however, from my knowledge of them that most — if not 
all — of the institutions named by you would be entitled to the privilege.. 
The individuals you name are, ox course, not entitled to it. 

It is customary for the ptincipal officers of United Stutes institutions 
to make application, through their Departments, to the Secretary of the 
Treasury for the free admission of articles for public use ; hence, if this, 
course is pursued by the Geological Survey and Military Academy, and 
the necessary authority is received by the Collector from the Depart- 
ment, the maps will be admitted free for those institutions without fur- 
ther requirement. 

If all the regulations herein referred to were complied with, there 
would probably be no objection to your Committee acting as agent for 
the institutions in making the importations. 

Most of the institutions specified have, probably, heretofore availed 
themselves of the benefits of the foregoing provision for the free impor- 
tation 'of books, maps, charts and scientific apparatus and are, conse- 
quently, familiar with its requirements. 

Very respectfully, 

JOHN CaDWALADBR, 

Collector, 

Custom House, Philadelphia, Pa., 

Collector's Office, March 22, 1887. 

Dr. Persifor Frazer, Philadelphia. 

Dear Sir: Referring to your letter of 21st inst, I have to inform 
you that as the rate of duty on maps is 25 per cent, at ad valorem, the 
zmount of duty to be assessed will depend on their market value at the 
time and place of exportation to the United States, which value is deter- 
mined by the appraiser upon the examination of the articles. Five dol- 
lars was specified, as you stated the value of the maps to be $20 each. 

Very respectfully, 

John Cadwalader, 

Collector, 

Persifor Frazer, 
201 South 5th St., Philadelphia, Pa. 
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REVIEW OF RECENT GEOLOGICAL LITERATURE. 



On the structure and affinities of the genus Parkeria Carp. By H. Alleyne 
Nicholson (Ann. and Mag. of Nat. Hist., Jan., 1888). This paper, in com- 
mon with nearly all of Dr. Nicholson's works, is evidently the result of 
painstaking and sytematic inquiry, being a careful record of observations 
made during the progress of a minute investigation into the structure of 
the peculiar genus Parheria, His observations are founded upon an 
abundance of good material and extensive series of thin sections mainly 
prepared by himself. 

The author begins his paper with a condensed history of the genus. 
From this we learn that Parheria was originally described by Dr. W. B. 
Carpenter in 1870 (Phil. Trans., vol. clix, p. 721), and that the genus was 
regarded by this eminent authority as belonging to the arenaceous fora- 
minifera. In 1876 and 1877 the structure of the genus was investigated 
by Mr. Cart.er, who came to the conclusion that the skeleton was aot 
arenaceous and that the genus should be referred to the Hydractiniidse. 
Mr. Carter's views have, in t^e main, been accepted by subsequent 
writers, such as Steinmann and Zittel, and are now concurred in by Dr. 
Nicholson. 

The ordinary form of Parheria presents itself in the shape of spherical 
bodies, varying in diameter from less than half an inch to about two 
inches. Most of the specimens must have been entirely free in the adult 
condition, but some at any rate, commenced growth upon some foreign 
body. The surface of unworn examples generally exhibits rounded or 
elongated elevations; in other cases it may present an alveolar or honey- 
combed aspect. Rough fractures show that the skeleton is composed of 
numerous cylindrical columns (**radial pillars") which traverse the fossil 
in a radial manner from the center to its circumference, and are united 
at more or less regular intervals by imperfect concentric layers, separ- 
ated from one another by concentrically arranged interspaces (♦•chamber- 
lets"). These interspaces, or rather each successive tier of them, repre- 
sents what was at one time the surface of the organism. 

As regards the chemical constitution of the fossil skeleton, great differ- 
ences are noticed in large series of specimens, in some it being composed 
of carbonate of lime, with the chambers of the fossil occupied by calcite 
or by an infilling of the matrix in which the specimen was originally im- 
bedded. In the majority of cases the skeleton is more or less extensively 
composed of phosphate of lime with the chambers occupied, throughout 
or in part, by phosphatic infilling, while in a third group of specimens in 
which the skeleton is also largely composed of phosphate of lime, the 
central portion or the whole of the fossil has its chambers empty. 

The question, what was the original composition of the skeleton Par- 
ketia is carefully considered. Carpenter's view, that it was composed 
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of a small proportion of sand grains cemented together by a mixture of 
phosphate and carbonate of lime (a condition best shown in the third 
group of specimens above mentioned) is shown by good reasoning to be 
erroneous ; while Carter's view, that the skeleton may have been origin- 
ally chitinous in nature, is likewise thrown aside to give place to his own 
view. This is, that the skeleton of Parkeria^ like that of the Stromatop- 
oroids^ **was originally composed of carbonate of lime, and that phos- 
phatization, when it has occurred at all, has been the result of secondary 
processes which have operated subsequently to fossilization/' 

The author next works out the minute structure of the organism in a 
very satisfactory manner, showing by good illustrations, that the radial 
pillars and the connecting concentric lamellae are composed of innumer- 
able, minute, simple, untabulated, cylindrical or polygonal tubuli, having 
a radial disposition. These tubuli are separated by thin, porous walls, 
allowing free communication between their cavities. The general can- 
cellated tissue formed by them is regarded as ccenosarcal in its origin,, 
and compared with the canaliculated ccenosarcal tissue of Distickopora^ 
Allopora^ Piiobothrus^ etc., and with the clathrate tissue of the Hydrac- 
tiniidse. 

A coarser kind of cancellated tissue it commonly developed in thin 
concentric bands at periodic intervals, Separating thick strata of the 
ordinary skeletal tissue. It consists of wide, irregular cells or tubuli, 
united by coarse reticulated tissue. This the author is disposed to re- 
gard as representing a periodic development of reproductive zooids, and 
to compare with the periodic production of **ampulls" in the Stylasterids. 

Certain more or less numerous, large, oval or circular tubes, averaging 
0.15 mm. in diameter, are supposed to have contained zooids, and to cor- 
respond to the gastropores and dactylopores of the Hydrocorallines. 

Lastly the author compares the form under discussion with some re- 
cent and many extinct organisms, showing its relations to the Stromato- 
foroids^ the curious Mitcheldeania^ Syringosphcera^ and other forms. 

With regard to the systematic position of Parkeria^ he concludes that 
"there can be little hesitation in accepting Mr. Carter's reference of the 
genus to the Hydrozoa. All the known facts as to the chemical consti- 
tution, mode of growth, and general structure of the ccenosteum, no less 
than the minute structure of the skeleton-fibre, point unequivocally in 
this direction. With regard to the precise place which Parheria should 
occupy in the series of the Hydrozoa, it may be regarded as intermediate 
between the Hydrocorallines and the Hydractiniidae, but with nearer re- 
lationships to the latter than to the former. In the minute structure of 
the skeletal tissue Parkeria most closely resembles the Hydrocorallines; 
but in the general arrangement of its parts, and more particularly in its 
mode of growth by the production of successive concentric lamellae sep- 
arated by rows of chamberlets, it approaches most nearly to the Hydrac- 
tiniidae, with which group the genus may in the meanwhile be ranked." 

A brief narrative of tke yourneys of David Thompson. By J. B. Tyrrell, 
of the geological survey of Canada (Proc.of the Can. Inst., March, 1888). 
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This is an important record of early geographical exploration. It brings 
to daylight a large amount of itinerary which has been buried hitherto 
in the archives of the Crown Land Department of Ontario. David Thomp« 
son crossed Minnesota in 1798, and discovered Turtle lake which, like 
Beltrami twenty-five years later, he regarded as the source of the Missis- 
sippi. He also reached the Missouri river, and the Columbia which he 
descended to its mouth July, 15th, 181 1. 

Contribuiions to the paleontology of Brazil^ comprising descriptions of Cre- 
taceous invertebrate fossils. By Charles A. White. 4to, 273 pp. 28 
plates. (From vol. vii of Archivos do Museu Nacional do Rio de Jan- 
eiro, 1887.) 

This large document, which has a parallel Portuguese translation 
by Mr. Orville A. Derby, reflects credit on both North and South 
America, and is a renewed proof of the friendly interest of the Brazilian 
Emperor in natural science. It is based on collections made by the geo- 
logical survey of Brazil under the late Prof. Charles Fred Hartt, but 
is issued by Mr. Orville A. Derby, director of the geological section of 
the Brazilian National museum, who was appointed to preserve the results 
of the survey after the lamented death of professor Hartt. The letter- 
press was done at Rio Janeiro, but the plates were lithographed at Phil- 
adelphia by Sinclair. 

The work describes 57 new species of conchifers, 77 of gasteropoda, 8 
of cephalopoda, 5 of mollusca and 12 of echinoderma. They are all re- 
ferred to the Cretaceous (Neocomian) age, although they exhibit a com- 
posite character, partaking of the Jurassic and of the Tertiary. Three 
new genera of gasteropods and one of echinoids, are proposed. The 
former, Orxnlliay Cylindritella^ Cyprceacttson are proposed by Dr. White, 
and the other Heteropodia^ by Prof. P. de Loriol. 

Some noteworthy facts are brought out concerning the relation of this 
Brazilian fauna with the Cretaceous fauna of other parts of the world. 
It is shown that this fauna has surprisingly little in common w^ith the 
Cretaceous of North America ; somewhat ' more with that of Europe ; 
while its affinity with the Cretaceous fauna of southern India is conspic- 
uously observable. Five species are identified with Indian forms as pub- 
lished by Stoliczka; and three or four others are either identical, or very 
closely allied, species. 

One species of Aticella is described, which is only the second discovery 
of this genus in the southern hemisphere; the other being A, piicaia 
Zittel, from New England. • 

A small collection of fossils from the Bahia group further from the 
coast are fresh-water types, and have a recent aspect, illustrating, 
as Dr. White remarks, the fact that living fresh-water types have 
come down to us from remote geological periods almost unchanged. 
Prof. Cope has examined the vertebrate remains found in these Cre- 
taceous beds, and has referred them to the Fox Hills group of the 
western United States, and those of the fresh-water Bahia group to 
the Laramie. Mr. Derby has given a tabulated grouping and discus- 
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sion of the various species, referred to the different provinces, show- 
ing an extensive Cretaceous formation along the Atlantic coast of 
South America. 

Prelinunary report on sea-coast swamps of the eastern United States, By 
N. S. Shaler. Pages 353-398. (Accompan^ring the sixth annual report 
of the director of the U. S. geological survey.) 

The most noteworthy features of our Atlantic coast from New Hamp- 
shire southward are its beaches lying commonly one to five miles outside 
the shore of the mainland, and its salt marshes or swamps which are 
formed in the shallow water thus enclosed. They remind one of the 
barrier coral reefs of tropical shores, and the author finds in them an al- 
most equally interesting field of geological study. 

Where deep water reaches to the coast and fills its indentations, as 
along the hilly and partly mountainous coast of Maine, these sheltering 
beaches are wanting or very scantily developed, and swamp deposits are 
limited to estuaries and narrow margins of the most shallow and pro- 
tected bays and inlets. In marked contrast with this, on the south side 
of Long Island and from New Jersey to Florida, the very gentle slope of 
the coastal plain in its descent beneath the sea-level causes the formation 
of the beach to take place several miles off shore, where it extends nearly 
continuously along this distance of a thousand miles. Along the portions 
of the coast most favorable for its formation it is interrupted only by 
gaps which are maintained by the outflow from rivers and the flow and 
ebb of tides. 

On a moderately hilly coast, like that of Massachusetts, when the sea 
has been shallowed by the accumulation of sediment so that the space 
between the capes of a bay is brought within about twenty feet of the 
surface at the time of low tide, the conditions are favorable for the closure 
of the inlet by a barrier beach. In heavy storms the waves mount too 
high to pass over the shallow without breaking. The forward motion of 
the wave is arrested, aud the detritus^which it was urging forward falls 
upon the bottom, until gradually a ridge of beach gravel and sand is 
built up to the level of high water. Protected behind the beach, the 
swamp deposits are formed chiefly of the fine sediments brought in by 
the tides. The dense growth of eel-grass covering the bottom favors 
this deposition of sea-mud up to the level of low tide, and forms the 
lowest bed of the swamp. Between this marine vegetation and that of 
the shores a zone of mud flats, laid bare at low tide, is built up more 
slowly until it reaches sufficient light to permit the growth of the marsh- 
grass and other shore vegetation which can endure at most only a sub- 
mergence of a few feet at high tide. These form respectively the mid- 
dle and upper beds of the sea-coast swamp, the surface of which is thus 
raised nearly to the level of the highest tides and then supplies crops of 
marsh hay. 

The tide flows in and out by very irregularly winding and branching 
channels, and there is hardly an acre that is without one of these water- 
ways. Its sleep sides and tortuous course show its constant battle with 
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the encroaching plants, which grow with the most vigor near its banks. 
Because these channels obstructed the harvesting of the hay crop, nearly 
all the sea-coast swamps of New England have been ditched so that the 
tide now finds it entrance and egress by a system of artficial parallel 
channels a few rods apart; and in consequence the natural water-courses 
have often disappeared, their beds being rapidly filled by mud and the 
rank marsh vegetation. 

Professor Shaler states that the aggregate area of salt-marsh lands 
capable of being reclaimed from the sea by dikes and brought under 
cultivation exceeds 200,000 acres for that portion of the Atlantic coast 
lying between Portland and New York. The present agricultural value 
of these lands for their product of hay does not exceed about $10 per acre : 
but under cultivation like the similar lands gained from the sea in Holland 
and other northern parts of Europe they will have a value of not less 
than $200 per acre, amounting in total to at least $40,000,000, and it is 
estimated that the cost of reclaiming these acres and reducing them to 
cultivation should not exceed the fifth of this sum. They are unsurpassed 
in fertility as market-garden soils and are practically inexhaustible. 
South of the New England shore the marsh area is much more extensive 
than in that, region, and it is probable that the improvable marshes of our 
•entire eastern coast amount to at least 3,000,000 acres. 

The limited tracts of sea-coast swamps are described in detail, with 
maps, namely, the Plum Island marshes which extend Southward from 
the north of the Merrimac river, and the diked lands of Green Harbor 
river in Marshfield, Mass. A catalogue of the salt marshes on the coast 
of New England south from Casco bay and of Long Island is also given, 
with their approximate areas derived from measurement on the Coast 
5urvey charts. 

Postglacial marine deposits containing shells of the Leda, with other 
genera that inhabit the northern circumpolar seas and extend south to 
temperate latitudes, occur in Maine up to 200 feet or more above the 
present sea-level, showing that at the close of the glacial period the ocean 
there covered more of the land than now. It therefore seems very re- 
markable that no evidence of elevated marshes or beaches has been found 
in that region ; and their absence proves that this northward postglacial 
submergence was very brief, and that the sea very quickly attained its 
present altitude, pausing at no time long enough to. develop the charac- 
teristic features of a shore line. 

Qn nepkeline rocks in Brazil^ with special reference to the association of 
^honolite and foyaiie. By orville a. derby. (From the Quart. Jour. 
Geol. Soc. London, August, 1887). The author gives descriptions of 
the jield-appearances of the rock masses of foyayte and phonolyte. He 
concludes that these indicate (i) the substantial identity, as regards mode 
of occurrence and geological age of the Caldas phonolytes; and foyaytes 
•(2) the connection of the latter, through the phonolytes, with a typical vol- 
canic series containing both deep-seated and aerial types of deposits; (3) the 
•equal if not greater, antiquity of the leucite rocks as compared with the 
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nepheline rocks, whether feUitic, as phonoljrte, or granitic, as foyajrte^ 
and (4) the probable Palaeozoic age of the whole eruptive series. 

Tke GtoUgictd Magaxiii€ for February, In the Pebniarjr number of the 
Geolojrical Afdgojnne Sir. Wrni Dawson notes several ncfw facts regarding 
£ozo6n. He says that some recently found specimens show that it had 
a definite form which wa#f unnel, or top-shaped ; that it had no tAeca above 
or below, and that the laminse coalesce at the margin. These laminae 
are thickest at the base and become thinner and confused above. Sir 
Wm. Dawson is convinced that the forms which he described under the 
name of Archaeosphaerinae are only these upper layers of Eozo6n. 

Some cut specimens of Eozo6n show, he states, a tubular structure to 
which he applies the term **08cula" apparently suggested by some re- 
semblance to the **oscula*' of sponges. He also draws attention to the 
fact that some of the Laurentian limestones contain abundant frag- 
ments of Eozobriy showing its peculiar granulated structure, but not its 
canals. 

Sir William then suggests that certain bodies found in the Lauren- 
tian of the Ottawa district, and the Cry ptozo^n of Hall and Winchell from 
New York and Minnesota, may be related to t)ie Eozo(5n of the Lauren- 
tian limestones. 

In conclusion he urges, against the views of Mr. Julian and others, 
who maintain the mineral nature of Eozo(5n, the following objections. 

1. Laminated minerals have simple laminse; those of Eozodn are con- 
nected. 

2. Laminated minerals are wholly crystalline ; Eozo6n has tubercles 
and **oscuIa.'* 

3. Is it probable that pyroxene, serpentine, loganite, dolomite and 
earthy limestone should all assume the same form? 

4. EozoOn often occurs away from the nodules and bands of pyrox- 
ene, etc., in the limestone. 

5. Eozo(5n does not resemble any banded rocks known in the Lauren- 
tian series. 

Prof. Bonney contributes the results of some experiments, and observa. 
tions on the rounding of pebbles by rivers and streams chiefly in the 
Alps. The process is of course most rapid when the motion is swiftest, 
that is in the higher parts of their courses. He lays down the following 
principles which are fully in accord with Daubr^e's previous conclu- 
sions: 

I. The time of rounding a stone depends upon its nature. 

I. Stones are rounded most quickly where the descent is rapid and 
but slowly when the stream is only just able to move them. 

3. The process is most rapid at first. **Perhaps we may venture to say 
as a rough standard of comparison that the effect of a thousand feet of 
rapid descent is equivalent to that of the more leisurely traverse of at 
least twenty miles, so that fairly well rounded pebbles of a rock with 
hardness not exceeding 6 signify either a rapid descent of 3,000 feet or a 
journey at less speed of 60 miles." 
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Col. McMahon argues in repljr to Mr. R. D. Oldham, that the foliation 
of granite, as In the Himalayes, is due to pressure acting on the intruded 
granite bef(n'e it ' had become completely solidified and not to the meta- 
morphism due to pressure exerted on a cooled and solid roA. 

Messrs. Cornish and Kendall, following out a suggestion of Sorbjr's, 
detail the results of a series of experiments b^'^vhich they have proved 
that shells composed of the aragonite form of carbonate of lime are much 
more easily dissolved by carbonic acid water than shells composed of 
calcite. They suspended two fossil shells Pecten opercularis (calcite) and 
Pectemculus glydmeris (aragonite) in a solution of carbonic acid and found 
that the latter lost weight much more rapidly than the former. The ex- 
periment was continued until the aragonite shell literally fell to pieces. 
That this change was due to structure rather than to the nature of the 
minerals was shown by performing the experiment with powdered ca^- 
spar and with powdered shells, in neither of which cases was any differ- 
ence observed in the rate of solution. The structure of shells composed 
of aragonite is, they state, looser than that of shells composed of calcite. 

The authors concluded by pointing out how these facts may ac- 
count for the disappearance of fossils composed of aragonite from rocks 
in which shells composed of calcite still remain, and quote several inst- 
ances in support of this opinion. 
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Mexico and the Pacific Slope. Prof. A. E. Foote of 
1223 Belmont Ave. Philadelphia, Pa., who has recently re- 
turned from a nine months stay in Europe, where he spent 
much time in Cornwall and Hungary, will soon start for a third 
trip through Mexico and the Pacific states returning by way 
of the Rocky Mountain region. 

A knowledge of the Spanish language and a considerable ex- 
perience in Mexican mines will render his trip especially ser- 
viceable to those desiring information of these regions. 

Prof. J. P. Lesley is engaged on a summary of the re- 
sults of the Second Geological Survey of Pennsylvania which 
it is hoped will appear in no very long time. Such a work is 
exceedingly desirable in order to bring within the reach of work- 
ing geologists the mass of material accumulated and at present 
almost buried in the more than fifty volumes of which the pub- 
lications of this survey consist. The work will be handsomely 
illustrated, with engravings, by various processes, of the prin- 
cipal fossils discovered during the prosecution of the work, and 
will be received with pleasure by geologists. 
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Prof. Marsh gives a summary in the London Geological 
Magazine of his description of Stegosaunts, a Jurassic, aquatic 
reptile belonging to the Dinosaurians and allied to the ornithop- 
oda, a group intermediate between birds and true reptiles. This 
animal v/as not large and was covered with bony plates, and its tail 
was armed with spines formidable for its size, ranged in pairs 
along the tail, and probably used in the same manner as are those 
of the existing sting-ray. 

The Swindling Naturalist. I take pleasure in inform- 
ing you that the "Swindling Naturalist*' has finally gotten his 
just deserts. Six weeks ago, he stole from the University of 
Cincinnati a number of microscopic objectives, and made good his 
escape. Recognizing the importance of securing him, our city 
detectives were put on his track. He was traced through In- 
diana and Kentucky to Nashville, Tenn., and finally appre- 
hended. On being returned to this city and indicted for grand 
larceny, he pleaded guilty, and has been sentenced .to spend 
five years in the Ohio penitentiary. The scientific world is, 
for a time, well rid of him. He passed here under the name 
O. L. Syrski, and ( after capture ) freely admitted his identity 
with the " Swindling Geologist" of numerous aliases. 

If you can let me know the name of the owner of the 
Chenu's Conchyliologie and the Wales objective, mentioned on 
page ^ of the first number of the Geologist, I may be able 
to furnish information which will lead to the recovery of tlie 
property. Yours respectfully^ 

Chas. H. Gilbert, 

Cincinnati^ O., March 5, 1888. Univ. of Cin. 

[Note. This man has been engaged in these petty thefts for five or six 
jrearSf and has been published and described repeatedly by the press of 
the country. He was apprehended about two years ago in Wisconsin, 
and served six months imprisonment in the Elkhorn jail, but he immedi- 
ately resumed his old methods of obtaining a livelihood. Such rascals 
are not peculiar to America. About six months since Mr. Quaritch, of 
London, advertised for the apprehension of a thief, supposed to have 
come from Germany who had stolen from his stock of books. Ed.] 

The Secretary of the American Committee of the In- 
ternational Congress of Geologists has issued a call for a meeting 
of the committee at Murray Hill hotel, New York, at noon, 
Monday, April 2nd., the object being to receive the delayed 
reports and to complete the work preliminary to the next Con- 
gress which meets in London on the 17th of next September. 
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A NEW GENUS OF CRINOIDS FROM THE NIAGARA 

GROUP. 

BY S. A. MILLER. 

SiPHONOCRiNUS n. gen. 

The species belonging to this genus, so far as known, are 
very large, rough or irregular and robust. They are all casts, 
with the exception of one or two specimens preserving part of 
the plates, with the surface markings destroyed, and the speci- 
men figured by Hall taken from a gutta-percha cast in the 
natural mold, and figured on plate 10 of the 20th Rep. N. Y, 
Mus. Nat. Hist., under the name of Glyftocrinus nohilis^ which 
shows the external ridges and nodes of ornamentation on some 
of the plates. 

Basals three, pentagonal, except as affected by the perfora- 
tion at the end of the column. They are rather small and, 
therefore, may have been nearly covered by the column. 

Primary radials 3x5; the first plates large, heptagonal and 
hexagonal, about as wide as high; the second hexagonal, longer 
than wide, and nearly as large as the first ; third radials nearly 
as large as the first, about as wide as high and supporting upon 
the upper sloping sides the secondary radials. 

The first interradials approximate, in size, the first primary 
radials and rest upon the upper sloping sides of the latter. 
They are each succeeded by two smaller plates, and these by 
three or more, and so on diminishing in size and increasing in 
number as they graduate into the plates of the dome. 

The first azygous plate is as large as a first primary, and 
rests upon the basal plates. Three plates follow it, one upon 
its superior edge, and the others upon the upper sloping sides. 



264 (Ringueberg on tlie Niagara Shales. 

From these the plates gradually diminish in size, but increase 
in number, covering the convex and expanded azygous side. 

Dome high, nearly as large as the calyx, lobed, and termi- 
nating in a long proboscis either rising from the central part of 
dome or recumbent. 

Surface of the plates more or less covered with radiating 
ridges and nodes. 

Type Siphonocrinus nobilis Hall, described in the 20th Rep. 
N. Y. Mus. Nat. Hist., p. 372. under the name of Glyftocrinus 
nobilis^ and illustrated on plate 10, figs. 9 and 10. 

Another species Siphonocrinus armosus McChesney, was 
described, in 1861, in N'ew Palceozoic J^ossils^p. 95, under the 
name of Eucalyftocrinus armosus^ and redescribed and illus- 
trated by Hall under the name of Glyptocrinus armosus^ in 20th 
Rep. N. Y. Mus. Nat. Hist., p. 373, pi. 10, fig. 11. 



THE NIAGARA SHALES OF WESTERN NEW YORK; A 
STUDY OF THE ORIGIN OF THEIR SUB-DIVISIONS 
AND THEIR FAUN£. 

BY EUGENE N. S. RINGUEBEKG, M. D. 

A few introductory remarks on the stratum immediately un- 
derlying these shales will here be proper. This is the Niag^ 
ara Transition group described in 1881.* It represents the 
period of introduction of many of the species heretofore con- 
sidered as having their inception in the shales, and reveals the 
cause of their introduction. It also forms the connecting link 
between the Clinton limestones beneath, and the formation now 
in question, and explains in large part the comparatively abrupt 
faunal changes which took place at the time of its deposition. 

The Niagara Transition group. Since writing the above 
mentioned paper I have noted this formation further east at the 
town of Middleport and as far west as the Niagara gorge, along 

1 The Evolution of forms from the Clinton to the Niagara groups, by 
Eugene N. S. Ringueberg, American Naiuralisty 1882, p. 711. 
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the railroad cut just above Lewiston ; at both of which places it ^ 
presented its peculiar uneven surface and hard texture. 

The following Niagara species may be added* to the list there 
given : Retepora asperato-striata^ Platyceras angulatum^ Sptrt- 
fera crispa^ Retzia aprinis^ and a small undetermined rhynchon- 
elloid shell of which a few specimens have been found in the 
shales. Orthis lynx must be removed to the list of species 
common to the Clinton and Niagara, as it has since been found 
in the shales of the latter. Here also may be added Orthis ele^ 
gantula. Three determined species are characteristic of the 
group itself, although judging from the material at hand there 
are many more. 

Though this group was regarded as forming a part of the 
Clinton, the weight of the palaeontological evidence proves it to 
be more closely allied to the Niagara, and confirms the propriety 
of classifying it as a distinct member of that group of equal 
value with the others composing it. 

It evidently represents a period of comparatively rapid physi- 
cal change during which the ancestors of the Niagara forms 
(which had been developing elsewhere, synchronously with 
the forms representing the latter part of the Clinton here) were 
suddenly introduced, and mingling with the Clinton species 
then extant, produced this transitional group. 

Various causes might be assigned as the active agents in the 
production of this change; but the one which seems most prob- 
able is a general subsidence of the whole region with concom- 
mitant inflowing currents bringing with them an abundance of 
life from adjacent seas in which a Niagara or Niagara-like 
fauna was flourishing. 

This complete change of both physical and organic surround- 
ings is a sufficient explanation of the complete extinction of the 
Clinton forms except such as were by nature readily capable of 
adapting themselves to the new enforced phase of existence. 

This same cause would also hav^ its influence on the newly 
introduced forms, and of these again only such as easily became 
acclimated and adfipted, would survive ; especially if the change 
continued, as is probable, after the initiatory subsidence. For 
immediately following this period we find a complete and abrupt 
change in the nature of the sedimentary deposit. Now let us 
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observe how far this theory is supported by the facts of the 
case. 

The thickness of the shale in western New York and its 
thinning out in both directions, show that a depression then 
existed at this point.* That this depression was of comparatively 
rapid formation is shown by the following facts: The shale is 
deposited directly upon the unevenly drifted surface of the 
Transition limestone, as before noted.' 

The upper surface is extremely irregular and undulating;' having the 
appearance of being drifted together. This is also corroborated by the 
position of many of the fossils which seem to have been swept together 
by eddies, charged with sedimentary matter, by which they were en- 
tombed as we now find them. 

This would also account for the perfection of the contained fos- 
sils. The spots where no trace of the Transition is to be found, 
were probably in the direct line of currents that had sufficient force 
to clear the surface of any deposit which might have been made, 
and to hold in suspension whatever sedimentary matter they con- 
tained. Such currents would also pick up and carry along sueh 
animal life of this closing scene of the Clinton, free or readily de- 
tachable, that lay in their paths; and after their force was spent 
deposit the same indiscriminately with the mass of foreign mat- 
ter they had brought with them. There are no regular lines 
of stratification, as a rule, to be observed in this stratum. Whple 
groups of species disappeared almost as suddenly as they ap- 
peared; such as the CyrtoceratidiE ^"whxch are to be found abund- 
antly in some localities in this formation, while immediately 
before and afterwards they are almost unknown. So it is with 
quite a number of species which are otherwise strangers in this 
vicinity. 

It is evident, however, that the changed condition of things . 
was more in conformity with the physical surroundings to 
which the newcomers had been accustomed than that existent 
during the latter part of the Clinton, for we find a greater pre- 
ponderance of survivals among the transplanted forms than 
among the original inhabitants of the region. 

With such a birth we can well expect an interesting period 

III - - - - ■ _ - - _ ■ — — •-■■ _ ^ 

> Prof. J. Hall. 28th Regents JRept. on the JST, 2\ State Museum, p. 102. 
• Amer. Nat, ib. 
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followinjp, provided the conditions favorable to the continuation 
and multiplication of organic life be maintained ; and this ex- 
pectation is well sustained by the palaeontological wealth of the 
succeeding period. 

T/ie Niagara shales* These shales were ushered in with a 
great profusion of life of many species. At the very threshold 
of the series we find represented with few exceptions the major- 
ity of the species to be found throughout their entire extent. 
From the beginning to the end there was gradual decadence 
in the abundance of life, and the number of species, till at last 
a few fucoids only remained. 

These notes on the shales refer strictly to their appearance 
within the confines of Niagara county. Here, at Lockport, they 
have a thickness of some seventy feet and can, upon palaeon- 
tological evidence, be divided into three parts which will be called 
thirds^ although that designation will imply merely divisions 
defined by the comparative abundance and range of the fossils. 
The first or lower third comprises only some seventeen feet 
on the Erie canal — the only place where its measurement has 
as yet been effected. The rest of the series is divided into two 
parts of some thirty feet each, without any distinct line of de- 
marcation yet noted. 

The most conspicuous peculiarity of these three divisions is a 
regular upward decrease of the fossils. The lower third is 
highly, fossiliferous with comparatively few thin bands of un- 
productive shale, chiefly in its upper part. In the middle third 
a diminution may be noted, the fossils being for the most part con- 
fined to bands of shale and some thin impure semi-calcareous 
layers; or to isolated areas or patches. These bands are sepa- 
rated by various thicknesses of shale mostly, but not wholly^ 
non-productive, the fossils growing scarce towards its upper por- 
tion. The upper third has a considerable quantity of fossils 
distributed through it, but they are few when it is compared 
with the rest of the shale, and are for the most part confined to 
their well separated layers. Taking these three divisions in or- 
der we will describe first in detail the lower third. 

This extends from the Niagara Transition bed or where that 
is absent, from the Clinton, to a layer which is well defined 
palaeontologically, and which we will designate as the Homo- 
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crinus band from one of its most characteristic fossils Homocri- 
nus parvus. 4^t its inception life was present in great profusion 
und the lowest portion of the shale is largely made up of a mass 
nic remains, mostly fragmentary or distorted, principally 
polyzoa, and disconnected brachiopod valves. But though many 
species and great numbers are represented good specimens ex- 
cept of the more solid forms are rare. Just here a few single 
valves of Orthis lynx were found, representing the last surviv- 
ors of this long-lived species, which flourished during the Tren- 
ton, began to wane in the Clinton and Anally yielded to the strug- 
gle for existence here. These first few feet of the shales also 
bear about the only examples of Orthis Jlabella yet found in 
them. Here and there also were colonies of Stefhanocrinus an- 
gulatus antl S. gemmifprmis ; the latter of which seems to have 
extended but little higher while its congener gradually decreased 
in numbers, a few occurring part way up the middle M<ri/ while 
few if any are found above it. The largest examples of Illcenus 
are also to be found here equalling and exceeding the largest 
from the Clinton, though unfortunately almost invariably in the 
shape of disjointed cephalic shields and pygidia, some of them 
measuring eight centimeters across — while a little higher up 
those exceeding three centimeters are scarce. Illcenus ioxus is 
the form generally found, but, judging from fragmentary evi- 
dence there are one or two others having varietal if not specific 
values. There certainly was a marked decadence of this species, 
especially as regards size, after the close of the Transition, in 
which, and the underlying Clinton, the larger form evidently 
predominated. Calymene also underwent a similar retrogres- 
sion in size after leaving the Niagara Transition. Dalmanites 
limulurus^ Homalonotus delphinocephalus and Lichas boltoni 
although present do not begin to increase in numbers till to- 
wards the middle of this lower third, Homalonotus not arriving 
at its maximum until the next division is reached; while JLichas 
evidently culminated in the upper half of this one; although it 
is present all through the middle thtrd^ with a rare fragment 
beyond. Lichenalia concentrica is at its maximum from the 
very start and gradually with varying fluctuations fades away 
till lost in the upper third. So it is with Streptelasma calyculus 
which however decreases more rapidly in numbers and size; 
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nearly all the large specimens being in the first couple of feet. 
Strophomena rhomhoidalis drops from six centimeters or more 
as the maximum size in the lowest band to three in the upper 
third. The Merestince are to be found in the greatest abun- 
dance in the lower portion. Colonies of the larger species at 
times multiplied largely to the exclusion of other life. After 
this first portion the Graptolitid<e began to increase, though in 
varying quantity and occasionally wanting, into the upper third. 
Inocaulis however seems to go but little beyond. this section. 

Some of the omnipresent species such as Spirifera niagar- 
ensis; Atrypa reticularis ^ Atrypa nodostriata ; Merstina nit Ida 
and its var. oblata ; Strophomena rhomhoidalis ; Rhynchotreta 
cuneata var americana ; Platyceras angulatum ; Platystoma ni- 
agarense Streptorhynchus subplanum^ and some others, are to 
be found in varying quantities throughout the three sections 
till near its close, where they of course are few in number. 
Some extend further upward than others before dying out and 
will again be referred to in speaking of the other portions. 

Some of the rarer fossils seem to be almost entirely confined 
to this third, only an occasional specimen being found in the 
other horizons. 

Of these we may mention, Atrypa rugosa^ Rhynchonella 
obtusiplicata^ Anastrophia inter plicata^ Callopora nummifor- 
misy Calceocrinus radiculus^ the JEucalyptocrini^ Icthyocrinus 
lievisy Ceratiocaris deivyi^ Macrostylocrinus fusibrachiatus^ 
and M. ornatus^ Inocaulis anastomatica^ Conularia bifurca^ 
and the Lecanocrini except Z. macropetalus. 

The Homocrinus band. This band represents the close of 
the lower third. 

Perhaps the most abundant species to be found is Spirifera 
niagarensis. Various other brachiopods and some of the char- 
acteristic Niagara forms are to be found here. But it is not till 
we come to a consideration of the echinodermata that we find 
distinctive features. Of this class there arc more striking ex- 
amples collected together in the same stratum, to which many 
of them appear to be confined, than we have found in any other 
single portion. 

Homocrinus parvus \ this graceful pigmy crinoid with 
its long slender thread-like columns and attenuated arms 



i^jo fRingtceberg on the Jfiagara Shales. 

has been found both singly and in groups at the only two ac- 
cessible exposures known ; and as it has been found nowhere 
else and seems to be the most constant form the band has been 
named after it. The fine almost black tracery of its columns 
is generally seen associated with few other fossils. Hemicysti^ 
tites parasiticus is another species which I have never found 
elsewhere. All specimens collected by me show them to be 
parasitic on Spirifera niagarensis^ but Prof. Hall mentions 
having secured it also on kS*. radiatus. 

The specimens usually occur on individuals, in the colonies 
of the former species, and sometimes two may be seen side by 
side on the same valve. In this connection it may be mentioned 
that a peculiarity of Sfirifera niagarensis is that it is gregarious, 
living in small sized colonies so that the specimens at times al- 
most completely cover slabs of shales, with comparatively few 
individuals in the intervening spaces. 

This band has also yielded the only star fishes so far found, 
except jPaAraj/^r niagarensis^Xh^ena^ioX. horizon of which is un- 
known, as Prof. Hall refers the single type specimen indef- 
initely to the shale at Lockport. These consist of eight indiv- 
iduals of Protastcr stcllifer and a type each of Eugastcr con^ 
cinnus and Squamaster echinatus, . , 

Next to these the Z^<:(7;^e?t:r/«/ are- the most characteristic group. 
The species of this genus are confined mostly to the lower 
third except Z. macrofetaius which is found in the middle third. 
The rest range sparingly through the lower third and ter- 
minate here with many species and more individuals than in all 
the rest of the shale. A species which resembles Z. calyculus 
is the most abundant ; the others arc Z. excavatus^ Z. macropet^ 
alus^ and Z. nitidus. These except Z. macropctalus seem to 
be peculiar to this band. L.solidus ViU^L, put coins are from the 
lowest band of the lower third. The fine state of preservation 
of many of the specimens occurring in this band and the layers 
immediately above and below it, is noteworthy. This is es- 
pecially true of species as a rule found only in a disconnected con- 
dition. Of these the well known Caryocrinus ornatus is the 
most prominent example. The portion of the shale within a 
few feet in either direction from the Homocrinus band has 
yielded the most perfect specimens of this species which have 
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thus far been found. Some magnificent ones with a goodly 
proportion of the column and arms intact have been secured. 
This species makes its first appearance in the Clinton, where it 
is very rare, passes through the Niagara Transition, appears 
in slightly increased numbers, rapidly augments its ranks and 
reaches its maximum in the upper portion of the lower third; 
extends in moderate numbers up into the middle third, before 
leaving which it rapidly subsides, being almost unknown in the 
higher portions of the upper third. After a temporary emi- 
gration to more favorable haunts it returned and is again found 
in the limestones immediately above; after which time it prob- 
ably became extinct. Coincident with the preceding is the rise 
and fall of Dalmanites. 

Here also are found the best examples of Alyelodactytus brack- 
tatus which, though rare, occurs uniformily through the lower 
third. 

The middle third. This and the divisions following arc de- 
fined by the negative evidence afforded by the absence of many 
species. A few exceptions may be made, the most prominent 
being the development of Homalonatus which reaches its max- 
imum size after leaving the Homocrinus band, and extends up- 
ward though in diminished numbers into the highest fossiliferous 
beds of the upper third. A more careful stratigraphic classifi- 
cation may yield some species of polyzoa which will be found 
peculiar to it; thus the rare Clathropora frondosa has as yet 
only been found in its upper portion, and possibly extends into 
the third above. Striatopora Jlexuosa is found here, and but 
rarely elsewhere. The few specimens of Cornulites and Sto- 
tnatopora are mostly from within its borders as is also the case 
with Tentaculitcs niagarcnsis and its almost universal asso- 
ciate Beyrichia spinosa and the rarer B. symmetrica which are 
mostly from its upper part. This latter trio extends into the 
upper third. The types Tuberculopora inflata^ Crania pan- 
nosa^ C dcntata and C gracilis occur here. The only other 
Crania known from the shales is a species which I have consid- 
ered as identical with C. siluriana^ which has only been found 
in the lower third. Callocystites tripcctinatus also occurs here. 

The most notable absentees are among the crinoids and 
cystids referred to as peculiar to>the lower third. After these 
come the brachiopods which havo before been listed. 
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The upper third. Two of the most constant fossils which 
attain their best development in t^ *s division are Rhynchonella 
neglecta and Streptorhynchus subplanum. Ptcrin'ea emacerata 
is the principal lamellibranch. Among the trilobites Dalma^ 
nites and Homalonotus arc the prevailing forms, others being- 
seldom found. Corals are scarce, being principally an occasional 
Favositcs. Cephalopods are almost entirely wanting, Ortho- 
ceras annulatum being tHe only one noticed. Platystotna niag- 
arense is the only noteworthy gasteropod. Crinoidea are 
excessively rare, a few Caryocrini^ a Callocystites jewetti and 
a type each of Mariacrinus warreni and Dendrocrinus celsus 
being all that have been secured to date. 

It will be observed that most of the recorded species are in 
the lower third\ this is not alone due to the profusion of fossils 
there, but also to the more limited facilities for observation 
which have occurred in the rest of the shale, and the immense 
amount of material which must be worked over in order to get 
a few data. 



NOTES ON THE PITTSBURG COAL BED AND ITS 

DISTURBANCES. 

BY HENRY A. WASMUTH, M. E. 

The Westmoreland Coal Co. has opened the Pittsburg coal 
bed by a shaft at station "Biddle" on the Pennsylvania RalU 
road. The shaft has struck the coal bed at about 190 feet deep 
on the northern flank or flexure of a basin, the synclinal axis of 
which has not been developed, thus far. The area of the north- 
ern flank, controlled by the company referred to, has been 
opened on the English and German systems of mining by divid- 
ing both extensions of the coal bed on the strike as well as on 
the incline into suitable pannels or divisions. Each pannel on 
the strike has three main entries, one for the empty mine 
wagons, one for the loaded wagons and the third one for the 
returning air (A B C, fig. i). From these main entries are 
ur ned off the butt entries D D D D (double entry system), thus 
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: extension on the rise, an' 
ir coal mining are turned off. 




m. i. 



dividing into pannels 
latter the rooms E E E 

The particular 
feature of the coal 
bed in this district 
is its distinct and 
regular cleavage, ' 
thus promoting min- 
ing of lump coal ; 
the faces of the main 
slips are the faces of 
the rooms. 

The distance ^ 
from the shaft to 'I 
the most inside faces 
of the main entries 
is about one mile. An output of looo tons of screened coal per 
day of ten working hours can be furnished without any force 
on account of the most perfect working order of all details 
concerned. 

In extending the mine workings it has been developed, that 
the northern flexure of the synclinal referred to, rises at an 
average of i to 3 per cent, or hardly 1 % degrees; but the flank 
of the hasin consists really of a combination of numerous, very 
gentle dipping rolls or Eyn<|linals and anticltnals^K K K, fig. ,1, in 
both directions, strike and dip. The anticlinals are called 
"hills" and the synclinals "swamps" and both are accompanied 
by numerous disconnections and dislocations of the coat bed and 
its country rock (roof and floor), but in accordance with the 
very gentle dip of the hills and swamps the dislocation mostly 
is trifling, exceptionally from i to i >4 feet vertical. The dis- 
connection of the coal bed and roof work is complete and dis- 
tinct, the original projections of fracturing being rubbed smooth 
by continued sinking of one part of the measures or by dispro- 
portionately sliding of both parts of the measures. The discon- 
nections and dislocations indicated H H II, fig. i, generally are 
termed "clay veins," "spars," "slack veins." The courses of 
the clay veins differ, thus crossing each other, and the s.ime 
clay vein might be cut in several entries and rooms. These 
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clay and slack veins, according to the terms of geologist 
Rogers and all authorities, are transverse and longitudinal faults,, 
and although small in extent they prove beyond doubt that the 
coal beds and rock at the time of the disturbance from their 
original horizontal position, have been as hard as to-day, which 
will be explained in the following. 

The synclinals or " swamps'' indicated in fig. i, dip very 
gently ; sometimes their deepest point is hardly two feet below 
the corresponding point of the anticlinal. The shortest line be* 
tween two corresponding points of two anticlinals and through 
the corresponding point of the synclinal is longer, as the short- 
est connection of the two points of the anticlinals ; consequently 
if the coal and rock had been in a soft or plastic state at the 
time of the disturbance from their original position, in order to 
cover the greater length they must have been thinned out by 
the over-lying measures, either with or without more or less 
fracturing; i. e, by upheaval the measures of the anticlinals must 
have been thinned out. The facts demonstrate, that the thick- 
ness and lamination of the coal and rock remain uniform all 
over such synclinals (i. e, anticlinals) and in order to cover the 
greater length the coal bed and country rock are disconnected 

as illustrated in fig. 2. By a great number 
of disconnections of the measures in the 
mine referred to, always the fracture of the 
roof rock is smooth and sometimes polished 
and with distinct striation, although irregu- 
lar in its course; and from these facts must be concluded, that 
the coal and rock have been hard at the time of the disturbance 
from their original horizontal position; that fracturing took 
place when the sinking of the measures commenced and that 
the disconnected hard measures by continued sinking rubbed 
on each other and the fracture widened out, thus producing the 
results described before. Had the rock been soft or plastic at 
the time of the disturbance no such smooth [>olished and striated 
planes could have been produced, because only hard substances 
smooth and polish each other by friction. The width of the 
fracture of the coal bed, fig, 2, differs from a few inches to two 
and three feet, and while the sinking has been so trifling the pro- 
jections of the fracture remained in their original shape, the 
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fracture being filled with disintegrated fire clay (roof of the 
coal. ) Such occurrences are termed " spars.*' 

Fig. 3. representcs a disconnection and dislocation of the coal 
and measures, the fracture dipping with the 
course of the dip of the measures. The fract- 
ure F mostly is several inches wide (and 
more) and it is filled with disintegrated coal 
and country rock (clayish substance ). Conse- 
quently it represents a body, more precisely a clay-lode, which 
mostly has a greater incline than the mineral deposit, disconr 
nected by it. If the terms of a mineral deposit — roof, floor, top, 
bottom, hanging wall, footwall — are applied to it, then the part 
of the coal bed on the hanging wall of the fracture is in a lower 
position, than the part on the footwall, which is the characteristic 
of "transverse faults.'* 

Fig. 4. represents a dislocation of the strata, the fracture dip- 
ping contrary to the dip of the mea9ures, and 
the part of the coal bed on the hanging wall 
of the fracture or fault is in a lower position 
than the part on thefoot wall. The effects of 
such faults are similar to those of faults rep- 
resented in fig. 3, but they are termed "transverse faults with 
contrary dip." 

Fig. 5. represents a disconnection of the coal bed and 
measures by two faults, one F F with 
regular and one F with contrary dip but 
without dislocation; perhaps their effects 
have been compensated. The steeper 
dipping fault has died out on the regular 
dipping fault. Such occurrences appear numerous and it is ob«* 
vious that their courses differ and consequently cross each other. 
Both fractures are transverse faults. 

Fig. 6 represents a so-termed "slack-vein" (g g, fig. i ) which 

has been developed for a distance of 
more than 1000 yards long in the 
mine referred to and it is the only 
one met with in that district thus 
far. F F, in fig. i, approximately 
represents the water level, j.^., strike line of the coal bed devel- 
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oped by the mine workings. It will be seen, that the strike 
line of the slack vein is somewhat parallel with the strike line 
of the measures. The fracture F or slack vein is about two 
inches wide and it is filled with disintegrated coal only, because 
the part of the coal bed on the foot wall of the fracture has slid 
down, or even both parts disproportionately, thus the projections 
of the fractured coal only have rubbed on each other and as the 
vertical dislocation is only about six inches, no disintegrated top 
rock could be dragged along. The measures on the foot wall 
of the fault are in a lower position than the measures on the 
hanging wall of the fault, which is the characteristic of ^^ longi- 
tudinal faults *' or " overlaps " and the " slack vein " referred to 
according to the terms of geologist Rogers is a ^longitudinal 
fault " or overlap, or according to Heim, Koehler and other au- 
thorities, a "folding fault." 

The course of transverse faults mostly approaches the course 
of the incline of mineral deposits (lode-measures); the part of 
the, deposit on the hanging wall of the fault has slid down, and 
is in a lower position than the part on the foot wall but, where 
the dislocation is trifling and not distinct, mostly both parts of 
the coal bed have been slightly bent downwards on the fault. 

The courses of longitudinal faults mostly approach the course 
of the strike line of the measures and the part on the hanging 
wall of the fault or fracture is in a higher position than the part 
of the measures on the foot-wall. 

The dip of transverse and longitudinal faults generally is 
greater than the incline of the deposits and measures, but in ore 
lodes, according to their origin, occur no longitudinal faults. 

It is a well-known fact, that clay veins, rather faults, of more 
or less extent, have been struck in a great number of mines on 
the Pittsburg coal bed. An investigation of several districts 
will prove also that the Pittsburg coal bed to a degree is de- 
vided into areas of more or less extent by erosion and clay veins, 
the latter crossing each other. Furthermore it is a well known 
fact that the filling of fractures and faults by clayish substance 
acts like a dyke against water and gas, demonstrated in coal min- 
ing in Europe and in the anthracite region. 

The Pittsburg coal measures are underlaid by the Devonian 
formation, or members of it, the reservoirs of oil and gas. It 
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must be accepted as a fact, that the disturbances of the Pittsburg 
coal measures, to a certain degree, must have affected the un- 
derlying Devonian formation and even the formation at the 
bottom of the latter, thus forming areas of more or less extent 
by clay veins etc. — Naturally, the greatest amount of gas should 
be found on the higher elevations (anticlinals) and of oil in the 
deeper portions of main and minor synclinals of the Devonian 
formation, or members of it; but as this theory is refuted by. 
geologists of reputation, which certainly will prove to be correct, 
there remains especially the influence of disconnections and dis- 
locations of the oil and gas bearing strata by clay veins, etc., 
heretofore not mentioned at all, to explain the productivity of 
the oil and gas wells of Pennsylvania. 



GEYSERITE IN NEBRASKA. 

BY DR. LEWIS £. HICKS. 

In many counties of Nebraska occurs a fiiie, flour-like, white, 
or grey deposit, which is used as a polishing powder. It ex- 
cites much curiosity in localities where it is newly discovered, 
and specimens of it are constantly being sent to the university 
for identification. I have just received a specimen from the 
northern part of the state with the inquiry whether it is emery. 

Prof. J. E. Todd published in Science, Apr. 23rd, 1886, an 
account of its occurrence in Seward county, Nebraska, in strata 
of Quaternary age. He sent samples to Mr. J. S. Diller of the 
U. S. Geological Survey, who replied that it was volcanic dust, 

I have lately received a sample from Lindsberg, Kansas, and 
Mr. J. A. Udden, who sent it, has since informed me that,having 
forwarded samples to Washington, he was informed, by a member 
of the U. S. Geological Survey, "that it was volcanic dust. 

I wish now to recall the fact, once known to some portion at 
least of the geological world, that Prof. Samuel Aughey has 
given an extended description of this mineral in his "Physical 
<jeography and Geology of Nebraska," published in 1880. His 
description is so full, minute and exact that it deserves to be re- 
produced entire. It is as follows: 

Poliskinfr Powder — Infusorial Earth — Geyser Flocula, One of the most 
remarkable of all the deposits of this Pliocene lake of the plains, is a 
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peculiar flour-like material that appears in beds of greater or less thick- 
ness and extent on the Republican, Loup and Niobrara rivers, and in 
other sections of the state. When I first examined it under the micro- 
scope a few diatoms were collected, from which circumstance it was re> 
garded as probably of the character of tripoli. Since then, in many 
specimens that have come under my ob8ervation,a diatom has rarely been 
found. The chemical analysis of this earth is, moreover, very different 
from tripoli. It is proved to be a silicate of the alkaline earths, and most 
generally of soda, potash, magnesia, and lime. Sometimes only one« 
and sometimes several of these alkalies are present. It ranges in color 
from light gray to snow white, green and yellowish. All these colors 
are sometimes found in the tame bc^, and the chemical composition 
varies even more than the color. To the touch it feels very much like 
flour. The best specimens have no grit, and when used as polishing 
powder no scratches can be detected, even with the microscope. It is most 
abundant along the Republican river, where it is found in almost every 
county. It is exposed on the east half of the northeast quarter of section 
eight, and on the west half of the northwest quarter of section nine^ 
town three north, range twenty -one west of the sixth principal meridian^ 
in Furnas county, south of the Republican river and about eight miles 
southeast of Arapahoe. One of the exposures here is nearly a quarter 
of a mile long, and is a characteristic section. The measurements are 
from the top down. 

Loess 6 feet 

Drift (?) 8 •• 

Compact silicate of limeandlimeetone ft '* 

Plour-like earth ., 12 " 

This bed is made up of layers one fourth of an inch in thickness, of 
snowy whiteness, and other layers, from nine inches to a foot thick, of a 
grayish white color. Nine feet from the top there is a layer two inches 
thick of a greenish color, which contains potash and iron. 

As already intimated it polishes as successfully and as finely as the 
best tripoli. 

Origin of this Flour-like Earth, — Near or in many of these beds are found 
many extinct geyser tubes, and sometimes old geyser basins. Of these I 
observed at least thirty between Arapahoe and the west line of the state. 
I have also found them in the Loup region and on the Niobrara. 

As some of these geyser tubes had their exit in the Fort Pierre group, 
on the upper Republican, it is probable that they commenced their work 
in the Cretaceous period, and were in operation all through the long^ 
centuries of the Eocene, Miocene and Pliocene epochs, and far into the 
Quaternary. A similar bed exists on Oak creek which was deposited in 
interglacial times. Nebraska and northern Kansas was in fact a great 
geyser region all through the Tertiary period. Few memorials of these 
extinct geysers are visible at the present time, owing to their being cov- 
ered up by the superincumbent Quartemary deposits, but enough remain 
to show that a prodigous number must have existed. It is probable that 
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this flour-like silico-alkaline earth owes its origin to these old gejaera. 
It is well known that hot alkaline waters dissolve silica. When, there- 
fore, the geyser streams holding silica and alkalies in solution were 
poured into this old lake the mineral in question was precipitated. In- 
deed many of the flakes of this earth, under the microscope, clearly re- 
semble the dried flocculent flakes of aluminic silicate which the chemist 
obtains by pouring soluble sodic silicate into a solution of sodic alumin- 
ate. 

Another fact which tends to establish the probability of this theory 
is that this silico-alkaline earth, on analysis, bears a striking resemblance 
to geyserite^ which is obtained from the deposits of existing geysers. 
The following analyses are illustrations of this statement. No. i is an 
analysis of this earth from the deposit near Arapahoe ; No. 1 from the 
Loup region; No. 3 from Iceland; and No. 4 from the Yellowstone. 
Nos. I and 2 were made by myself; No. 3 was made by Forchhammar; 
and No. 4 by Dr. F. M. Endlich. 
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99.98 
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From these analyses it is evident that the principal difference between 
this Pliocene earth and geyserite is that the former contains a much 
larger per cent, of alkalies; though the specimen from the Loup is much 
like the geyserite from Iceland. By reference to Dr. £ndlich*s report 
on the composition of the geyserites of the Yellowstone > it will be seen 
that they differ very much in the proportions of their constituent ele- 
ments. In the great number of analyses reported by him from as many 
different geysers, no two are alike. Often geysers only a few feet apart 
produce very different qualities of geyserite. The same is true of this 
peculiar earth under discussion. It not only differs a great deal in differ- 
ent localities, but even in different layers of the same stratum. It differs 
most in the quantity of the alkalies which it contains. Some specimens 
contain twenty per cent or more, while others contain only a trace, the 
latter approximating closely in chemical, though not in physical consti- 
tution, to the true geyserite. I submit whether these facts do not indicate 
a similar origin. It is possible that the peculiar modification of geyserite 
into a flour-like alkaline silicate may have resulted from geysers that 
were active in the waters of this old Pliocene lake. 

The deposits of a similar character in the Quaternary contain, where 

' Hayden's Report for 1872, p. 157. 
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I have chemically examined them, a larger per cent, of iron, and are 
coarser in texture. 

It is but justice to Prof. Aughey that his account of this de- 
posit should be accredited for all it is worth; and it may be the 
means of correcting an error. I do not assert that the opinion 
which seems now to be widely entertained is erroneous. I w^ish 
to provoke further investigation. 

The relation of the silico-alkaline earth to one of the extinct 
geyser tubes was recently observed in the Loup region by Mr. 
F. W. Russell. He also reports a warm spring in that region. 

The condition of fine powder which the mineral in question 
usually presents is not a serious objection to its being regarded 
as geyserite. The explanation may be such as Prof. Aughey 
suggests; besides ordinary geyserite often falls to powder on 
exposure. The specimens which I have seen from Nebraska 
were all in fine powder, but Prof. H. H. Nicholson of this Uni- 
versity assures me that it does occur here in the form of solid 
incrustations as in existing geyser regions. The specimen from 
Kansas has greater solidity than any I have seen from Nebraska^ 
but it is quite friable. 
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I.— GENERAL CONSIDERATIONS. 

A, Geography. 

The area covered by the work of which the following is a 
summary lies in the vicinity of Pilot Knob, and Iron Mountain, 
Missouri. This famous miningr district is known by name to 
almost everyone. It lies on the main line of the St. Louis, Iron 
Mountain, and Southern railroad, southwest of St. Louis about 
eighty-five miles. The principal places mentioned is this paper 
are located as follows : Iron Mountain, eighty -two miles below 
St. Louis; Pilot Knob, eighty-seven ; I ronton, one mile below 
Pilot Knob. It is the county seat of Iron county, and the largest 
town in the district described; Piedmont, about thirty miles 
below Ironton ; Syenite, a granite quarry, fifteen miles east- 
northeast of Ironton ; Mine La Motte station, sixteen miles east 
of Ironton ; the mines by this name are two and a half miles 
farther east; Graniteville, three miles northwest of Pilot Knob; 
and the Silver Mines, ten miles southeast of Ironton. . 

The only two streams which will be referred to very often 
are the St. Francois river and Stout's creek. The former rises 
near Graniteville, flows to the north a short distance, then forms 
a big horse-shoe curve and flows south, passing Syenite and the 
Silver Mines. Stout's creek passes south of Ironton, then 
flows almost due east to the St. Francois, thus shutting in a 
large area in the horse-shoe bend of the St. Francois. 

The Archaean area covers irregularly outlined portions of no 
less than ten different counties. To the west it extends as far 
as Texas county ; to the north and northeast as far as Washing- 
ton, St. Francois, and Ste. Genevieve counties. To the east it 
passes through Madison county ; and to the south nearly through 
Wayne county. But only a small portion of this territory is 
covered by the Archaean rocks. 

Throughout the whole Archaean area the surface is exceed- 
ingly rough. Narrow valleys along the streams with high and 
irregular hills beyond, rising from three to six hundred feet, is 
perhaps as good a description as can be given. Sometimes 
there is a long divide between two streams which is much more 
nearly level than the hilly portion just mentioned. 
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B. Statement of Work, 

It is attempted in the present paper to give the results of a 
reconnaissance of the Archrean area in Missouri, and a some- 
what detailed petrographical description of a portion of the mas- 
sive rocks occurring therein. There is such an inter-dependence 
between the field relations of crystalline rocks and their micro- 
scopical and chemical properties that, in order to gain a complete 
understanding of the geology of any territory, one must alter- 
nate field observations with microscopical and chemical studies* 
The field work cannot be carried very far in advance of the 
laboratory investigations, neither can one draw correct conclu- 
sions from the latter if they are not accompanied by extensive 
and accurate field observations. No work of this character has 
-before been attempted in the Missouri Archajan. From the 
very necessities of the case, therefore, this paper must be of a 
preliminary nature. It is hoped that in the near future circum- 
stances will permit a continuation of the work thus begun in this 
interesting field. The information used as a basis for the pres- 
ent paper was obtained partly from others, but principally from 
observations made in the field during the summer of 1886, and 
the subsequent examination of materials collected. Mr. Richard 
Payne, of Madison county, has sent me over a hundred hand 
specimens from localities not visited by myself. Prof. G. C. 
Broadhead, formerly state geologist, has also kindly loaned me 
portions of his private collection of rocks from this locality. 
Individually I traveled over considerable portions of Iron, Mad- 
ison, and Wayne counties, going as far north as Bismarck, as 
far east as Mine La Motte, as far south as Piedmont, and as far 
west as the northeast corner of Reynolds county. Special ef- 
forts were made to collect "typical specimens of all the massive 
rocks, whatever they might be. 

In the laboratory investigations I have been assisted by Mr. 
Charles E. Coats, of Baltimore, Md., who kindly made a silica 
determination of the quartz-diabase described later by Prof. C. 
R. Van Hise, of Madison, Wis., who gave me valuable suggest- 
ons regarding the microscopic character of a large number of 
thin sections sent him; but far more extensively by Prof. G. H. 
Williams, of the Johns Hopkins University, in whose laboratory 
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the greater portion of these investigations have been conducted. 
It is with pleasure that I make use of the present opportunity to 
express my gratitude to all of the above named gentlemen for 
their kindnesses, and especially to my honored teacher, Prof. 
Williams, who was ever ready to give assistance and advice, and 
to whose untiring interest such value as this paper may possess 
is largely due. 

C. General Geology. 

(a) The general geology of the Missouri Archsean is very 
simple. There are no contorted or twisted strata, and no high 
%ngles of dip showing violent orographic movements. Every 
thing indicates that the movements which have occurred were 
of the most gentle kind. The rocks themselves do not present 
a very great variety. There is a total absence of any thing ap- 
proaching gneiss or schist.' Different kinds of porphyry — 
which is the predominating rock — granite with simple and al- 
most constant mincralogical composition, and dykes of diabase 
and diabase porphyry te constitute nearly all that can be referred 
to the Archaean. 

( ^ ) Relation of stratified to massive rocks. 

Limestones and sandstones occur along the valleys and some- 
times on comparatively high ground throughout almost all of 
the Archaean area. It is probable that from those places where 
granite is exposed in the valleys, as along Stout's creek and the 
St. Francois^ the sedimentarj' rocks have been carried away by 
erosion. Pumpelly- and Broadhead' — and in fact every one 
else who has written on the subject — referred the granites and 
porphyries to the Archaian. and the limestone and sandstone to 
the Silurian. In the geological map issued with the 5th An. 
Rep. of the Director of the U. S. G. S, the sedimentary rocks 



* Pumpelly mentions a rock with "schistoid structure," — Mo. Geol. 
Rep., 1872, p. 26 — which he thinks is a limestone changed to porphyrj. 
He says: "Here is a member of the porphyry series which was unques- 
tionably a limestone, but in which the original phvhical and chemical 
characters have almost wholly disappeared." Not having seen such a 
rock I can say nothing about it. 

2 Mo. Geol, Rep., 1872, p. 8. 

'^ Mo. Geol. Rep., 1873-74, p. 347. 




uj. 
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are called Cambrian. All of my observations accord with these 
views with reference to the relative ages of the different rocks. 
There can be no doubt that the granites and porphyries are 
older than the sedimentary rocks, as the following considera- 
tions show: 

I** . Numerous instances were seen in which the stratified 
rocks overlie the massive ones and are non-conformable with 
their surface. Broadhead also describes and figures such con- 
tacts. 

3** . The stratified rocks in the whole country are nearly 
horizontal^ rarely showing a dip of more than ten degrees. It 
is very probable that this would not be true had such large 
quantities of massive rock been forced up through them. 

3^ . Nowhere has a contact zone of metamorphosed lime- 
stone or sandstone been observed. Had such large quantities of 
massive rocks been forced up through the stratified ones it is 
very probable contact metamorphism would be common. 

During Cambrian time this portion of Missouri existed as an 
archipelago of many small islands, some of which had deep, 
narrow valleys between, while others were mere peaks separated 
by five, ten, fifteen or more miles. Along these valleys the 
Cambrian rocks were deposited. 

(c). Relation of massive rocks to each other. 

Long before Cambrian time, however, these islands had a 
history. They had been lifted above the ocean waters and 
subjected to different kinds of degradation. Along their shores 
and upon their hillsides deposits of their own material had been 
made which were subsequently firmly cemented together form- 
ing a breccia. The material of the cement is very like that of 
the fragments, so that it is often difHcult or even impossible to 
distinguish between the two. At present this class of rocks 
must be almost entirely neglected, because the ascertained facts 
are too meagre to warrant a discussion of them. It is quite 
probable they have been given too prominent a place by those 
who have written about them. 

So far as observed the granites are on comparatively low 
ground. Graniteville is in a valley, with high hills almost all 
around. The granite quarries at Syenite are on the banks of 
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the St. Francois. The quarries along Stout's creek are at the 
water's edge. These are the localities in which the best crys- 
tallized granites occur. As we go back from the streams to- 
wards the hills the surface is usually covered with soil, so that 
the rocks can not be seen. The hills are almost invariably 
composed of porphyry. There is a considerable area of granite 
exposed to the west of Syenite, on both sides of the county 
line between Madison and St. Francois counties. This is on 
the highest ground of any granite exposures observed. In ap- 
pearance these rocks very decidedly resemble the porphyries^ 
much more so, at least, than do the granites of the valleys. In 
other cases the porphyries seem to be very coarsely crystalline 
for such rocks. At the base of the hill just west of Hogan a 
rock occurs which is difficult to classify. It seems to be half-way 
between a granite and porphyry. Farther south the porphy- 
rytes are so coarsely crystalline they can very well be worked 
for paving stone. Numerous places along the road south as 
far as Piedmont furnish excellent quarries of such rocks. By 
combining the rocks from these different localities, we have a 
continuous series from the best crystalline granite of Granite- 
vile, to the most fine grained felsophyre. 

(^). Surface decomposition. 

Surface decomposition has progressed to a considerable extent 
in some localities. About ten miles west of Pilot Knob there 
are a number of different places in which the porphyry is changed 
to an impure kaolin. At Iron Mountain the surface decom- 
position is very great. When mining was first begun the whole 
surface of the hill was covered with clay through which the iron 
was disseminated. At present quite fresh rocks are exposed 
in some parts of the mine, while in others they arc very 
rotten. 

The rocks on the southwest side of Pilot Knob are very badly 
decomposed, as has been shown by borings and diggings. In 
other places similar decomposed areas are met with. Yet one 
is perfectly correct in saying that the great masses of the rocks 
are comparatively fresh. With but few exceptions one can get 
a good, fresh hand specimen by using a hammer on the ledges 
of any hill-side. 
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(e). Dykes, 

In numerous places throughout this whole country dykes of 
various sizes occur, sometimes in the granite, sometimes in the 
porphyry, and, as stated by Broadhead, sometimes in the sand- 
stone. It is difficult to determine the age of these dykes. In 
nearly all cases they occur in the massive rocks in places where 
there are no overlying sedimentary ones. The presence of one 
of them in the sandstone would indicate that probably they 
were formed after it was deposited. But in the report just 
mentioned, on page 372, Norwood speaks of a dyke which is 
overlaid by the sandstone. It seems probable, therefore, that 
the great majority of them are of Archaan age, while possibly 
a few are younger. 

These dykes are most abundant in Madison county, but are 
known in many other places. Their most common trend is 
northeast and southwest, or approximately parallel to the Ozark 
hills. The dykes vary in size from a fraction of an inch in 
diameter to more than forty feet. It seems that they rarely if 
ever overflowed the surface; or, if so, the material has been 
carried away by eroj^ion. 

II.- PETROGRAPHY. 

The massive rocks of Missouri may be divided into three gen- 
eral classes or families. 1°, Granites. 2°, Porphyries and por- 
phyry tes, exclusive of the dyke-rocks. 3% the dy ke-rocks^ which 
4ire varieties of diabase and diabase-porphyryte. They will be 
described in the order given. 

A, Granites. 

( a ) . Mineralogical composition. 

The mineralogical composition of the granites is not at all 
complex or varied. The great mass of the rock is composed of 
quartz and orthoclase. Other minerals are always present, but 
in comparatively small quantities. They are microcline, plagio- 
clase, biotite, hornblende, apatite, zircon, fluorite, topaz, and 
iron-oxide — probably magnetite. To these must be added the 
secondary minerals; chlorite, epidote, muscovite, leucoxene, and 
calcite. Sometimes the biotite is sufficiently abundant to give 
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the rock a mottled appearance, and in fact it is not often en- 
tirely absent. But it never occurs in half the quantity in which 
it is often seen in biotite granites from other localities. The 
hornblende, when present, is always associated with the biotite, 
occurs in much smaller quantity than the latter, and is generally 
in idiomorphic crystals. These two minerals are quite fresh at 
times, but more often are considerably altered. The alteration 
products are those commonly observed; chlorite, epidote, etc. 

All the other minerals named occur in small quantities, and 
the most of them present no special points of interest; The 
apatite needles are unusually free from the breaks, or fractures 
so common to them in rocks from other places, and when they 
are broken their fragments are not moved out of place, a fact 
in harmony with the field relations which indicate gentle move- 
ments of the rock masses. 

The zircons arc very abundant, and are often clustered around 
little fragments of biotite or hornblende, sometimes thirty or 
more being in one group. The dark, pleochroic zones so com- 
monly seen around zircons in granites and other rocks from 
different places, are very often present in these granites. The 
sire of the zircon crystals is not great, the largest one seen 
measuring only 0.118 mm. 

Epidote occurs only as a secondary product from the biotite^ 
hornblende, or feldspar. The muscovite is also secondary, and 
occurs in small quantities. The same is true of leucoxene and 
calcite. 

Only those constituent minerals which are especially interest- 
ing will be mentioned in detail. 

( ^ ) Special description of minerals, 

Quartz, The quartz has the limpid appearance so common 
in granitit quartz.- The granules vary in size from more than 
a centimeter in diameter to those of microscopic size. There is 
often a decided approach to an idiomorphic structure, even in 
the most highly crystalline granites. This is well shown in 
specimen number 303, obtained at Knob Lick as it was being 
loaded on to the cars for shipment. It was said to have come 
from a quarry about two miles north of Syenite. In a thin 
section from this specimen one individual quartz crystal shows 
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the oeiR and R faces well developed, as is shown in fig. i. 
The quartz grain is almost entirely surrounded by feldspar 
crystals. Such idiomorphic quartz is very important in consid- 
crinj; the structure of the granites. 

Another very interesting feature of the quartz is the un- 
usually great abundance of fluid in- 
clusions. They vary from 0.035 
mm. in diameter to so small a size 
that they can scarcely be seen ^vhen 
magnified 300 diameters. Gas bub- 
bles are often present, but no one 
was observed which was in motion. 
Little cubic crystals— sodium chlo- 
ride? — were quite common in num- 
ber 233. 

Very frequently these fluid inclu- 
sions are arranged in lines approxi- 
mately parallel, and also are some- 
times in planes cut by the section at 
different 'angles. These recall the 
"solution planes" of Judd. 
It is very rare indeed to find anything at all resembling the 
hair-like inclusions so common in granitic quartz which Hawes' 
thought to be rutile needles. In >i thin section made from a 
sandstone just north of Mine La Motte station, however, many 
such inclusions were seen. Now if the sandstone was formed from 
the disintegrated granites and porphyries near by, it is strange 
that the first section made from it would show more of these 
inclusions than can be seen in nearly two hundred sections of 
the granite and porphyry. 

Orthoclase. The orthoclase in nearly all thin sections exam- 
ined has a strong tendency to assume an idiomorphic structure. 
The faces oP, so P and Pm are frequently quite well devel- 
oped. It is not uncommon to find beautiful micropegmatite 
occuring in the same specimens with these idiomorphic crystals. 
The orthoclase is often quite badly decomposed, but the 
granites from the quarries are quite as fresh as the average 

' Mineralogy and Lilhologj' o( New llampsliire. 
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New England granites which arc found in the market. Mus- 
covite is one of the most common products of alteration. In 
the granites from GranJteville many very minute, isotropic, 
strongly refracting grains of secondary origin occur which prob- 
ably are garnets, but on account of their very minute size this- 
could not be proved. 

A very interesting occurrence was observed in several of the 
granites which seems to be an enlargement of orthotlase indi- 
viduals by a process of secondary growth. In all such cases 
the original crystals are decidedly idiomorphic. The materiiil 
of the secondary growth is attached to these original crystals- 
and is oriented with them. Sometimes the new material ex- 
tends entirely around the crystals, as shown in fig, 2, b; in 
other cases only a part of the way, as represented in fig. », a. 
In still other cases the border of new feldspar material is con- 
tinuous a portion of the way, the remaining part being occupied 
by a micropegmatite in which the feldspar is attached to the 
original crystal and is oriented with it. This is shown in fig. 3. 
A fourth form, as represented in fig. 
2, c, consists of an entire border of 
micropegmatite in which the feld- 
spar is in rod-shaped portions pro- 
jecting outward from the original 
crystal to which they are attached 
and with which they are oriented. 
Thus there exists a complete series, 
from the feldspar crystals with the 
entire rim of the secondary growth 
. to those with the micropegmatite bor- 
der all around. Sometimes cleav.igc 
lines extend from the original crys- 
tal out through the attached part. 
In other cases there are lines in the 
secondary border which do 
tend into the original crystal, and 
which are not parallel to its cieava; 
would seem that the growth began as in the micropegmatite 
border and continued until the individual rays united forming a 
solid zone. Each one of these rays, of course, would be oriented 
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by the original crystal, and therefore would all extinguish alike, 
and when in the process of growth they finally coalesced they 
would form but one individual. It is perhaps not improper to 
look upon the rays of the micropegmatitc border as being crys- 
tal skeletons produced under conditions unfavorable for the 
completion of the entire individual crystal. 

These enlargements have an important bearing on the question 
of the structure of the granites in which they occur. The rocks 
from which the figures already refer- 
red to were taken have every appear- 
ance of being true granites. Num- 
ber 302 is from a specimen picked 
up at Knob Luck, the shipping point 
for the Syenite quarries, from which 
place it is reported to have come. 
The specimen has a uniform text- 
ure, is of medium coarseness, and is 
composed of a large amount of a 
light-colored feldspar, but little 
quartz, and an unusually large pro- 
portion of biotite for the Missouri 
granites. Number 364 was sent 
me by Mr. Payne, and was reported 
to be from section 3, T. 33, N, R. 5 
E. It is reddish granite, of uniform texture, and is tolerably fine 
grained. The most noticeable microscopic feature of it is th« 
strong resemblance in shape of the original orthoclase crystals 
to the lath-shaped feldspars in diabase. 

The original crystals are usually much more decomposed 
than the secondary zones. Other slides show the same kind of 
enlargements, but these two are the best examples. 

Two different explanations for these phenomena might pos* 
sibly suggest themselves. 

1° We m.iy suppose the granites possess the "miarolitic" 
structure; that is, they so contracted in cooling that numerous 
cavities were formed throughout the mass. It would then be 
possible for certain crystals to project into such cavities form- 
ing a druse. Subsequently the cavities might be tilled wkh 
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quartz and feldspar material,' the latter of which could arrange 
itself around the feldspar crystals so as to form secondary 
growths similar to those described by Van Hise.' 

A careful study of these specimens however, shows a great 
improbability of the correctness of this explanation for these 
enlargements. There is not the slightest indication of the former 
existence of the miarolitic structure, or of druses formed from 
any cause. We must therefore look for another explanation. 

2° We may suppose that in the process of cooling the 
feldspar crystals were formed and floated about in the mag- 
ma for some time, as the porphyritic feldspars do in the magma 
of a porphyry. As the whole mass finally solidified these 
crystals attracted around themselves portions of the remaining 
feldspar material, and thereby were subjected to a second 
growth differing from the first principally in the irregularity 
with which it progressed. 

This in reality is nothing more than a form intermediate be> 
tween two well known phenomena; viz, the ordinary zonal 
structure in idiomorphic crystals on the one hand, and the phe> 
nomena resulting from the orienting influence of porphyritic in- 
dividuals of quartz and feldspar, in the porphyries on the other. 
A number of different investigators have already observed 
similar phenomena. In 1881 C. Hopfner ' gave a description of 
certain zonal structures in the triclinic feldspar from Mt. Ta- 
jumbina, Peru, and according to his observations certain irreg- 
ular developments of these produce forms somewhat similar to 
the secondary enlargements here described. 

In 1882 Prof. G. H. Williams* described and figured certain 
zones around both quartz and feldspar in quartz-porphyry 
from the Black Forest, which he attributed to the continued 
growth of the crystals during the effusion period. They thus 
represent the same kind of enlargements found in the Missouri 
granites. 

In 1883 Prof. Friedrich Becke,* in an article entitled, "Erup- 

> See Ro6enbu6ch*6 Mass. Gest., 2nd ed., p. 39. 

« U. S. Geol. Surv. Bui. 8. pp. 44-47. 

* Neues Jahrb. Band 11. 1881. p. 164. 

^ Neues Jahrb. Beilage-Band 2. pp, 605-607. 

» Min. und petrog. Mitth. vol. 5. pp. 147-173. 
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tivgesteine aus der Gneissformation des niederosterrichischen 
Waldviertels," describes certain zones of feldspar material 
around plagioclase crystals which, if I understand his article, 
should be referred to a secondary growth during the second 
period of consolidation. The rock in which they occur is a ker- 
santyte. He divides the constitutent minerals into two classes. 
The first class includes basic feldspar, biotite, augite, olivine and 
quartz. He says that they were formed before the solidification 
of the rock mass and correspond to the "dl^ments de premiere 
consolidation" of F. Fouqud and M. L^vy. The second class in- 
cludes plagioclase rich in soda, orthoclase, quartz, and pale-green 
hornblende, and correspond to the "dl^ments de seconde con- 
solidation" of F. Fouqu^and M. L^vy. He then says: "These 
last constituents, which cannot be called secondary in the ordin- 
ary sense of the term, and which I have called constitutents of 
the second order, are at times most intimately associated with the 
above mentioned constituents of the first order; oligoclase and 
micropegmatite appear as zones of parallel growth around the 
andesinc kernels of the first order,"^ 

Again he says: "The feldspar crystals [of the 1 order] are 
united with the 'Zwischenmasse' [the material of the 11 order] 
by means of the oligoclase zones, "^ and further; "Also the 
oligoclase zones pass directly over into the micropegmatite, as 
is shown by the fact that the feldspar in the same extinguishes 
with the oligoclase zones of the adjacent feldspar crystal." ' 

In the same year Karl Bleibtreu,* in a paper entitled, "Bei- 
trage zur Kenntniss der Einschliisse in der Basalten, mit beson- 
derer Beriicksichtigung der Olivinfels Einschlusse," describes 

> p. 170. " Die letzteren Gemengtheile, die man nicht als secundi&r im 
gewOhnlichen Sinne des Wortes bezeichnen kann, die ich deshalb als 
Gemengtheilen 11 Ordnung bezeichnen werde, sind mit den f ruber ang- 
efuhrten Gemengtheilen i Ordnung zum Theil auf das Innigste verbun- 
den; Oligoklas und Mikropegmatit erscheint als parallel fortgewachsene 
Hulle um die Andesinkerne i Ordnung.** 

>**Die Feldspathkrystalle sind mit der Zwischenmassedurchdie Oligo- 
klashulle verbunden. ** 

* "Auch setzen sich dieOligoklashullen hilufig direct in Mikropegmatit 
fort, was daran erkannt wird, dass der Feldspathgrund desselben glelch- 
zeitig mit der Oligoklashulle benachbarten Feldspathkrystalle ausldscht.** 

* Zeitschrift der deutsch. geol. Gesel. T883. vol. 35. pp. 489-556. 
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numerous instances in which feldspar and other minerals have 
heen partially fused )py the basalt lava, and on cooling have had 
secondary rims attached which were oriented by the original crys^ 
tals. They would thus be true secondary enlargements produced 
in precisely the way suggested above for the Missouri granites. 

In April of the same year £. Hussak,* in a paper entitled 
"Ueber den Cordierit in vulkanischen Auswiirflingen," describes 
the same kind of occurrences, in substance, as there mentioned by 
Bleibtreu. In 1884, C. Doelter and £. Hussak^ published an ac- 
count of some very interesting experiments made by fusing dif* 
ferent kinds of natural volcanic rocks and observing the effect the 
fused mass had upon natural crystals of feldspar and other min- 
erals. Portions of the crystals were dissolved and, upon coolings 
re-crystallized in the form of grains and lath-shaped crystals 
which were oriented by the original crystal, often grading into 
it in such a way that no well defined line was left between the 
two. 

In 1887 Dr. Max Koch* described feldspar enlargements in 
kersantyte which he thinks could best be explained by attribut- 
ing them to secondary growths of the original crystals from the 
molten magma. 

Rosenbusch, in the last edition of his great work, vol. 11. p. 
341, mentions such enlargements in a general way, but gives 
no specific descriptions, and no references to the literature of the 
subject. On page 360 he mentions the work of Dr. Williams 
above given. Of course this kind of enlargement is entirely 
different from those in fragmental rocks described by Irving and 
Van Hise * for quartz, and by Van Hise* for orthoclase and horn- 
blende. 

Before describing topaz it will be well to speak of the changes 
which have taken place in the wall rock of the vein at the lo- 
cality known as the "Silver Mines." The vein itself extends 
from the west bank of the St. Francois, back in a south-west 
direction for an unknown distance. Years ago mining opera- 

* Issued with above litle; also vol. 87 der Sitzb. der k. Akad. der Wis- 
senschaft, 188^. I. Abth. April Heft. 

2 Neues Jahrb., 1884. i Band, pp. 18-44. 

' Jabrbuch der k. Preuss. geol. Landesanstalt, 1887, pp. 77-78 and 98. 

* U. S. G. S. Bui. 8. 

* Am. J. Sci. vol. 30. pp. 233-235. 
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Fig. I. The poecililic structure in quartz-porphyry. As the thin sec- 
tion is revolved between crossed nicols the field breaks up into different 
areas, which extinguish differently, so that in any one position one area 
will give its maximum amount of light, another its greatest darkness, 
and others intermediate degrees. 

From No. 211, north side of Shepard mountain, three-fourths way up 
from the base. Magnified 44 diameters. 

Fig. 2. Pseudospherulites with orthoclase nuclei. The microgranitic 
portion is composed of quartz and feldspar. 

From No. 410, the wall rock of the big diabase dyke at the ''Tin 
Mines." Magnified 44 diameters. 

Fig. 3. The " poecilitic " structure in quartz-porphyry which is much 
more coarsely crystalline than that shown in fig. i. Three quartz crys- 
tals are represented, each of which has a very large surrounding area 
that really is a portion of the central crystal, but spotted over with feld- 
spar material. One of the crystals has a number of small but well 
formed orthoclase crystals projecting into it. The areas which do not 
have central crystals are similar to the others, and consist of a quartz 
ground-mass with the feldspathic material scattered through it. 

From No. 347. Magnified 30 diameters. 

Fig. 4. Augite with a secondary green hornblende rim around it; 
biotite with a hornblende crystal enclosed, and also with magnetite scat- 
tered regularly through it; plagioclase, and beautiful micropcgmatite. 

From No. 235, a coarse-grained quartz-diabase. Magnified Jo diame- 
ters. 

Fig. 5. Porphyrit?c primary quartz, a, and secondary quartz, c, with a 
chloritic core. The primary quartz, a, has a reactionary rim around it 
of almost uniform breadth, the result of a corrosive action of the molten 
magma upon the quartz. 

From No. 336, a fine-grained diabase-porphyry te. Magnified 50 diame- 
ters. 

Fig. 6. Diabase porphyryte with glass carrying trichites and crystal 
skeletons. The plagioclase is shaded with parallel broken lines; the 
augite with small crosses. 

From No. 415, taken at the big dyke at the "Tin Mines." Magnified 
44 diameters. 
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tions were carried on in an almost fruitless search for silver. 
At the time of my visit to the place the works were abandoned, 
the shafts and tunnels filled with water, so that almost the only 
available material was in the " dump pile. " A fourth of a mile 
back from the river a shaft had been sunk upon the vein and 
named the "Apex shaft." The vein itself was filled with quartz, 
argentiferous galena, fluorite, lepidolite, wolframite, and prob- 
ably other minerals. The wall-rock was originally granite. At 
present, however, it consists of quartz imbedded in a fine-grained 
mixture of mica scales with traces of iron oxide, leucoxene, 
beautiful little zircon crystals, and probably other materials. 
Scattered through this mass in varying proportions are the 
minerals fluorite and topaz. 

We evidently have here the results of a fumerole action, 
recalling in some respects the conditions around the tin mines 
of Cornwall, Eng., of Zinnwald in Bohemia, and those of other 
places. The resemblances consist in the granite wall-rock 
being decomposed for a few feet on each side of the vein, and 
the occurrence of topaz, wolframite, lepidolite and fluorite, 
minerals which are associated with tin ores in other places. 
But so far as now known there is a total absence of cassiterite, 
as well as of tourmaline, and other minerals — excepting those 
just given — which always accompany tin deposits. 

Topaz. — In all the thin sections examined from the wall- 
rock of the vein just described a considerable quantity of a 
mineral thought to be topaz was found. It does not have a 
regular crystalline form, but in many cases the direction of the 
crystallographic axes could be determined. Its index of refrac- 
tion, as shown by its apparent thickness, its parallel extinction, 
and its polarization colors strongly implied that the mineral in 
question was topaz. Portions of it were isolated by first mak- 
ing a separation with the Thoulet solution, sp. gr. 3.12, and then 
treating the powder thus obtained with the strong, hot acids. 
This dissolved everything but the mineral in question. Each 
of the three acids was tried in turn, and finally aqua regia, but 
after boiling no less than an hour the little grains were un- 
affected. A blow-pipe examination with the salt of phosphorus 
proved it to be a silicate. There can be little doubt, therefore, 
that the mineral is topaz. 
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I (c) Structure of the granites. 

The granites from Graniteville, Syenite, Stout's creek, and the 
St. Francois river are moderately coarse-grained, of a pink color 
which varies considerably in shade, and are generally mottled 
with biotite or hornblende. At Graniteville and Syenite very 
extensive quarries are worked, which produce grades of granite 
equal in appearance to the New England granites. In localities 
different from the ones named the granites have a finer texture^ 
and grade off into the porphyries. 

It may well be said that in but few instances do we find gran- 
ites which do not in some degree possess a structure approach- 
ing the porphyritic. That from Graniteville shows it the leasts 
Those along Stout's creek and the St. Francois have it much 
more developed. The hornblende, when present, is always 
idiomorphic, and the feldspar, biotite and quartz are to a con- 
siderable extent. The well formed crystals of quartz in num- 
ber 303 has already been mentioned. The feldspar enlarge- 
ments have an important bearing here. They show unmis- 
takably that there were two distinct periods of solidification, 
and consequently that the only difference between the structure 
of the granites and the overlying porphyries is in the character 
of the product of the second period of solidification. 

As we pass back from the low ground we invariably find the 
texture of the granite becoming more fine, and in every respect 
more closely resembling the porphyries and felsytes. The 
structure of the rocks intermediate between the granites and 
the porphyries can best be considered after the porphyries have 
been described. 

(flf) Classification of the granites. 

As has already been stated the granites are all very similar 
in mineralogical composition. There are but three different 
varieties which are sufficiently distinct to be given separate 
names. The first of these is composed wholly of feldspar and 
quartz, excepting the few unimportant accessory minerals 
which may occur in all granites. From its intimate associa- 
tions with biotite granite we must look upon it as being a facies 
of the latter. The third variety has a small amount of horn- 
blende, but by no means a sufficient amount to bring it under 
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the general division of amphibole granite of Rosenbusch» 
Following Rosenbusch's classification we shall therefore have 
the following: 

! Granite (feldspar and quartz). 
Granitite. 
Hornblende bearing granitite. 

{To be continued. ) 



THE REEF-BUILDERS. 

BY DR. LEWIS E. HICKS. 



What is the true theory of coral formations? Half a century 
ago Charles Darwin proposed the subsidence theory; half a 
dozen years ago John Murray proposed the abrasion and solution 
theory. Darwin accounts for the great thickness of the reefs 
by a sinking of the foundation as fast as the polyps built upon 
it. Murray supposes that the reef, beginning within the bathy- 
metric life-limit of the polyps, first grew up to the surface, then, 
by constant abrasion of the waves, became a factory for the 
production of coral debris^ and thus grew into deep water upon 
the talus of its own fragments, the dead landward, or inner por- 
tion (if it was an atoll), being at the same time dissolved away 
by the sea water. 

Two paths are open to us in the treatment of these theories. 
We may either set them the one over against the other in an 
antagonistic and exclusive sense, try to choose between them, 
and then try to coerce all the facts under the theory of our 
choice; or, realizing the complex nature of the phenomena and 
the possibility of some truth in both theories, we may bend our 
energies to the task of discriminating, sifting, discovering what 
kind of structures each theory will explain most satisfactorily. 
The latter path may not be the easier one, but it is certainly the 
more rational. 

At all events let us not here in America become heated par- 
tisans of either Darwin or Murray. American geologists have 
no occasion to take sides in the personal aspects of the contro- 
versy provoked by the duke of Argyll in his '• Great Lesson '* 
contributed to the September number of the "Nineteenth Cen- 
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tury." It is true that all the parties concerned, professors 
Huxley and Judd on the one hand, and the noble duke on the 
other, are highly esteemed on this side of the water, but whether 
peer or commoner shall prove to be wholly right, or both con- 
siderably in the wrong, is not a vital matter to us. In respect 
to the duke's charge that scientific men are given to idolatry, 
and guilty of suppressing truths which might topple their 
Dagon (or Darwin) to the earth, we see too many examples of 
the fierce zeal of young naturalists to win their spurs by knock- 
ing old ones on the head, to give that charge much credence. 

But as to the example brought forward by the duke to en- 
force his "Great Lesson " — the true theory of coral formations—— 
we do take a deep interest in that. We want to know how 
coral reefs and islands are actually formed, no matter who may 
suffer or gain in reputation, by the establishment of the truth. 
Holding this judicially impartial attitude we shall be better 
qualified to discriminate and to reach a just conclusion than those 
who have permitted their emotions to mingle wifii and obscure 
their perceptions and judgments. 

In the bald statement of the two theories, as above, there is 
truly little or nothing to discriminate. But each theory is really 
a great complex of facts and interpretations in which there is 
much to discriminate. Especially in the application of the 
theories to the facts is the great complexity of the problem, and 
the need of careful distinctions apparent. The radical fault of 
theorists is too frequently seen to be wholesale generalization — 
*' brilliant" generalization, perhaps, at least in the eyes of their 
admirers, but none the less wholesale and untrustworthy. The 
assumption that all coral formations are subject to the same law, 
that there must be a theory of coral reefs and islands, is an error 
of this kind. It is quite conceivable that one law of growth 
may determine tlie form of some reefs, and a different law may 
apply to others ; in other words there may be two or more true 
theories of coral formation, instead of one. 

Why should coral reefs require any special explanation? 
Are they not simply examples of ordinary organic sediments, 
such as have been forming all through geological history? 
Take any one of the old limestones and inquire how it was 
made. Was it not by the accumulation upon some sea-bottom 
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of the calcareous matter secreted by certain animals? And 
what else is the coral reef? The polyps take up carbonate of 
lime from the water and build it into masses of coral which are 
then broken, triturated and pulverized by the waves, and finally 
deposited like any other sediment. 

In answer to this three reasons may be given for removing 
coral formations from the category of ordinary calcareous sedi- 
ments. In the first place the limited range in depth — the bath- 
ymetric limit — of the polyps, imposes peculiar conditions. 
Secondly, the polyps are true reef-builders. Sediment is 
something that settles down\ the reefs are built up. Not 
the whole of the reef indeed, but certainly that portion be- 
tween the depth of 120 feet* and the line of wave action is a 
genuine building of which the polyps are the architects and 
masons. In the third place, the pure calcareous matter, when it 
has been comminuted by the waves, hardens with such rapidity 
as to introduce a new and distinguishing feature in sharp con- 
trast with ordinary sedimentation. This facilty in passing from 
the condition of incoherent fragments to that of firm and com- 
plete consolidation, has two notable results. It prevents that 
dissipation of the rock material over wide spaces which would 
necessarily follow if solidification were long delayed; and it 
produces steep slopes Instead of the horizontal planes which are 
characteristic of ordinary sediments. Even the loose coral sand 
will lie at almost as high an angle under water as dry sand in 
air. I have ascertained experimentally that the average resting 
slope of fine dry coral sand is 35** , and Prof. Agassiz observed 
slopes of 33° composed of coral sand under water. 

But notwithstanding these three good reasons for separating 
coral reefs from ordinary sediments it is certain that, in many 
cases, the best light in which to study them is that which is 
furnished by the ordinary laws of sedimentation. The Florida 
reefs, for instance, have been shown by Prof. Alexander Agas- 
siz to owe their form and their extension westward to the ac- 
tion of tides and currents which shape the calcareous sedi- 

1 There is much variance in the statements of the depth at which the 
reef-building species will live. Undoubtedly they will live much deeper 
in some seas than in others. I give the figures 120 ft. as a general av- 
erage. 
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ment just as any sandspit is shaped. A counter current to 
the gulf stream sets into the gulf from the Atlantic, carries 
the coral debris along with it, and spreads it out in a long 
curved tongue in the line of the Keys. The coral sand soon 
hardens, and upon the foundation thus furnished the polyps 
take root (at a depth no greater than 42 feet in this region) 
and build up to the level of low tide where the waves take 
up and finish the work. 

Such is the statement of Agassiz, who discredits the subsid- 
ence theory of Darwin. But, in order to make good my claim 
that there is no dispute about the essential facts, I quote from 
Prof. James D. Dana, the most illustrious advocate and ex- 
pounder of Darwin's theory. "The facts presented by lieuten- 
ant Hunt, and more fully by Mr. Agassiz, with regard to the 
effects of the eddy current of the gulf stream, show that 
coial reefs may be elongated, and also that inner channels 
may be made, by the drifting of coral sands. But the ac- 
tion with coral sands is essentially the same as with other 
sands; and illustrations of this drifting process occur along the 
whole eastern coast of North America from Florida to Long 
Island. We there learn that drift-made beaches run in long 
lines between broad channels or sounds and the ocean; that they 
have nearly the uniform direction of the drift of the waters, 
with some irregularities introduced by the forms of the coast 
and the outflow of the inner waters which arc tidal and fluvial 

t 

and have much strength during ebb tide. The easy consolida- 
tion of coral sands puts in a peculiar feature, but not one that 
affects the direction of drift accumulation." ^ 

Dana corroborates Agassiz fully in regard to the facts, but 
later in the same article he draws the inference that there has 
been "a great subsidence "in the reef region of Florida aud the 
West Indies. This inference encounters serious obstacles. 
Several concentric reefs form the southern extremity of the 
peninsula. They are thin reefs; their summits are all about at 
the same level ; they seem to have been formed succesively, not 
simultaneously ; and lastly the process and method of their for- 
mation without subsidence seems to have been fairly demon- 
strated by observation on the spot. 

2 Am. Journal of Science, Sept. 1885 p. 178. 
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But the Florida reefs are perhaps the least favorable to the 
Darwinian theory of any that could be selected. How is it pos- 
sible, without subsidence, to account for some of the reefs of 
the Pacific ocean, which are fiwc or ten times as thick as the 
Florida reefs ? The reef along the north shore of Tahiti, hav- 
ing a thickness several times the depth at which the reef polyps 
will live, may serve for a test of the two theories as applied to 
a thick reef. This is a barrier reef three fourths of a mile from 
land. The lagoon channel is not too deep for polyp-life, so 
that the reef may have begun where its inner base now rests. 
There is no need of invoking the solvent action of sea water to 
account for the depth of this lagoon. All the interest is con- 
centrated upon the seaward face of the reef, of which the ac- 
companying illustration (fig. i) will give a better notion than 
can be conveyed by words. 
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Fig I. Diagram of seaward face of the barrier reef at Tahiti, on a true 
scale vertical and horizontal. After Murray. (A portion of the reef be- 
low d is omitted. The slope diminishes to ip at the bottom of the portion 
omitted). 

a to b, slope of 18° with colonies of living coral polpys. 

b to c, talus of large blocks (some 20 and 30 feet long) of reef rock. Av- 
erage slope 45° , maximum slope 75° . 

c to d, slope of 30° composed of coral sand. 

Depth at b, 40 fathoms, at c, icx> fathoms, at d,425 fathoms. 

Horizontal distance from a to b, 250 yards, from b to c, icx> yards. 

Murray maintains that the slope from a to b is the great lab- 
oratory for the production of reef matter, all below being 
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simply a masis of debris^ of which the very coarse and angular 
fragments form the steep slope just below the zone of living 
corals, and the finer sand forms the gentle slope down to the 
seaward base of the reef. Dana corroborates the facts, and re- 
marks that they "sustain instead of correctmg those announced 
by earlier observers. Beecher and Darwin make the mean slope 
about 45% and my report says 40** to 50°." ' But he main- 
tains that the talus of large blocks from 40 to 100 fathoms is 
"positive proof of much subsidence" because :t is "far below the 
limit of forcible wave action." This is not conclusive. These 
blocks have descended by falling or sliding down the sea-ward 
face of the reef — how far may be doubtful, possibly from any 
part of the slope a b. If they have descended at all their present 
depth below the line of any wave action forcible enough to 
break them off does not appear to furnish the positive proof of 
^^much subsidence'*'^ which is claimed for them. Dana has him- 
self stated that when subsidence is not in progress "the coral 
and shell material produced that is not lost by currents, serves 
to widen the reef and to steepen in consequence of the widen- 
ing, the upper part of the submarine slopes." The tendency 
of this action would be to broaden the life zone a b, until 
it became very steep or even overhanging at b, like the 
"coral heads" described by Whipple and Hartt.^ In that case 
no very forcible wave action would be required to dislodge 
the huge blocks which form the talus b c. Tahiti has not been 
subsiding, but rather rising, in recent times, as shown by the 
breadth of shore plain underlaid with coral somewhat above 
sea level. If we grant that the talus of large blocks does not 
prove subsidence, then there is no evidence of it known to me, 
except that the Darwinian theory demands it. 

Plainly the Tahitian reefs may have been formed without 
subsidence. The seaward slope is not too steep for the pos- 
sibilities of debris-accumulation in deep and, therefore, quiet 
water. The part composed of coral sand is even less steep 
than slopes of the same material observed by Agassiz at the 
Florida Keys. In the steepest part the fragments are coarse 
and angular, and the cementing effect of the calcareous matter 

* Am. Journal of Science, Sept. 1885, p. 175. 

' See Corals and Coral Islands. Dana pp. 139, 141. 
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filling the interstices as fine sand and precipitated from solution 
in the sea, would help to form and maintain a steep face. The 
position of the talus jusf beneath the zone of living corals ac- 
cords with Murray's theory. In fine the facts are against sub- 
division as a necessity in the explanation of thick reefs. 

But while thickness of coral reefs is not in itself a positive 
proof of subsidence, there may be other attendant circumstances 
which do constitute good evidence of it. If, for instance, a reef 
is very thick and at the same time very steep in the lower part 
of its sea-ward face (about the region d in fi^. i ) we may rea- 
sonably infer subsidence. " Seven miles east of Clermont Ton- 
nere the lead ran out to 1145 fathoms (6870 feet) without 
reaching bottom. Within three (Quarters of a mile of the south- 
ern point of this island the lead, at another throw, after running 
out for awhile, brought up an instant at 350 fathoms, and then 
dropped off again and descended to 600 fathoms without reach- 
ing bottom. On the lead, which appeared bruised, a small ^ 
piece of white coral was found, and another of red."* This 
sounding indicates vertical or overhanging walls at great depths. 
Several examples of the same kind are on record, and are good 
evidence of subsidence, although such wall-like steepness is 
quite exceptional. Great thickness of a reef on the mner or 
lagoon side is also good evidence of subsidence, at least until we 
have more complete proof of the adequacy of Murray's solution 
theory. Dr. Archibald Geikie, who in other respects accepts 
Murray's views, doubts the competency of sea water to dissolve 
such vast masses of limestone as must have been removed in 
some cases. Prof. Carl Semper accounts for deep lagoons by 
the scouring action of tides and currents, but Dana replies that 
the waters can scour only to the depth of the outlet from the 
lagoon to the sea, which is sometimes of less depth than the 
lagoon. Deep lagoons, therefore, seem to present the strongest 
case for the Darwinian theory. 

Atolls are placed by Darwin at the end of a series, beginning 
with the fringing reef, then the barrier reef, then the atoll; and 
upon that supposition they must always have been preceded by 
subsidence. Dana accepts this view, and makes it the basis of 

1 Dana. Corals and Coral Islands, p. 171. 
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his reasoning in locating the line A A ("the axial line of this 
great Pacific subsidence") upon the Physiographic Chart at the 
end of his Manual of Geology. Murray maintains that atolls 
are no more to be taken as evidence of a sinking bottom than 
other coral formations. They begin upon submarine banks 
within 120 feet of the surface and assume the circular form 
simply by reason of the vigorous growth at the periphery, and 
the dwindling or death of the polyps nearer the center. Even 
Darwin admits this explanation as a possibility. The founda- 
tion for the atoll may be a hidden rock or the accumulations of 
pelagic life upon the higher parts of the sea floor, raising them 
within reach of the reef-builders. 

Prof. Semper has long maintained that the atolls of the Pele"w 
group not only fail to prove subsidence, but that the facts are 
all against Darwin's interpretation. Instead assuming sub- 
sidence as a necessity he claims that "the problem ought in each 
case to be determined by actual detailed observation.'* That 
.a given reef region may have subsided, and that the reefs do in 
that case owe their form largely to the fact of subsidence, he is 
quite ready to admit, and so are all the anti-Darwinians. But 
they insist that subsidence is not a necessary condition of the 
problem, and hence that atolls do not simply by virtue of their 
presence prove a downward movement of the region in which 
thev occur. If such a movement has occurred then the atoll 
may very well be the last term of a progressing series, as Dar- 
win supposed, but the whole series cannot be inferred from the 
existence of the atoll. 

Darwin should not be held responsible for the views of his 
followers, unless they were his own. It would be a delicate 
and thankless task, however, to attempt to draw the line be- 
tween his real opinions and the exaggerations of his followers. 
Without attempting any such distribution of praise or blame I 
am constrained to remark that the impressions produced upon 
the reader by most of the current geological literature are mis- 
leading, and the discussion now in progress was needed in order 
to clear our vision. For an example I will refer the reader to 
an excellent bodk, Prestwich's Geology,* recently published. 

'Geology, Chemical, Physical and Stratigraphical. By Joseph Prest- 
wich, Oxford, 1886. 
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Read the paragraph entitled "Surrounding Depths," (vol. i, p. 
237) together with the comparison in the next paragraph of 
the barrier reef of Australia to "a great submarine wall front- 
ing the sea," rising "at its seaward edge from depths which 
certainly exceed 1800 feet,"and farther on "such is the nature 
of these wonderful growths rising up in the midst of the great 
oceans," and see if the mental picture is not that of huge verti- 
cal walls standing up in the waters. That is the tone of all the 
text-books. Who would ever imagine, if he had access only to 
such descriptions, that the actual average slope is no more than 
45 degrees, and often as low as 30 degrees? Prestwich goes 
beyond Darwin or Dana in the sweeping inference of subsidence 
based upon the presence of coral formations. In his map, page 
235, he colors every reef region as a sinking area, no matter 
whether the formations are fringing reefs, barrier reefs, or 
atolls. 

We may conclude: 

1. That thin reefs, such as those of Florida, give no support 
whatever to the theory of subsidence. 

2. That thick reefs may be formed either with or without 
subsidence. 

3. Atolls also may be formed on a stable as well as on a 
sinking platform. 

4. Deep lagoons, or steep slopes fronting the sea in deep 
water, cannot well be explained without subsidence. 



A CORRELATION OF THE LOWER SILURIAN HORIZONS 
OF TENNESSEE AND OF THE OHIO AND MISSISSIPPI 
VALLEYS WITH THOSE OF NEW YORK AND CANADA. 

BY E. O. ULRICir. 
(Continued from p, /90.) 

A digest of the preceding list is as follows:* 

Total No. ftp. mentioned from beds XI, XII, XIII, XIV'..460; restricted to same, 892 

" •* •• •• " XI 186: •• " 108 

•• XIa 1H8; •• " 40 

' Certain errors in the range of the species given in the preceding 
table should be rectified. The species are referred to by their numbers. 
Thus, 49 is restricted to xii a^ instead of xii b\ 78 also in xii h\ add as 
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Total No. sp. mentioned from beds Xlb 186: restricted to same» 41 

XII 199; •• •' 113 

*• " •• •• " Xlla: 142; •• •» 67 

" •• •• ♦' •• Xllb 121; •• " 46 

*• •• •• " •• XIII 141; •• ** 60 

" " «• •• •« XIV 91; •' ** 27 

Species common to XIa and Xlb 80 

" Xlla " Xllb 58 

•• XI •• XII 62 

'XII •• XIII 46 

•• XIII •• XIV 57 

Total No. of species passiu&lrom beds XIa into and not beyond Xlb 87 

" •' •• •• '• XI " ♦• •• XII 20 

«» t( tt <i it vf It (t i( XIII T 

XI into xiv...'!!.';.*T."!!.'."!.«4: 

Xlla into and not beyond XI lb 24r 

XII " •• " XIII %o 

" • •• XII Into XIV 80 

" •• •• ranging through all the beds from XIa to XIV, 28 (2 doubtful) 

" " " passing up from lower beds and ranging through 18 

•• •• •• " ♦• '* •• into beds X!l or higher, 58 (4 doubtful) 

Of these 58 species 22 are not known above beds X/ 

8 occur in beds XI but are last met with in beds XII 

8 •• •* AT and XII but are last met with in beds XHi 

6 •• •• XU but are not known In beds XI, XIII, XIV 

1 occurs " A'/Z/and XIV but is not known In beds ^/and Xll 

1 •• •' ^iK but is not known in beds XI, XII, and XIII 

We will now proceed to consider these beds more in detail. 

Beds XI. This division is about 300 feet thick at Cincinnati, 
Ohio, and consists mainly of shales separated at intervals vary- 
ing between 2 inches and 6 feet, by mostly thin layers of lime- 
stone. The latter vary in thickness from i to 24 in., yet are 
rarely more than 6 in., and commonly less than 4 in. In gen- 
eral terms they may be described as drab to bluish, sub-crystal- 
ine, even bedded, firm limestones, usually charged with fossils* 
The drab courses are somewhat sandy and in them fossils are 
rather scarce. 

The shales vary both in color and firmness, those met with in 
the lower portion of the division being harder and their bluish 
tint less decided than that of those which constitute the bulk of 
the middle and upper portions of the section. 

These beds as they are exposed in the vicinity of Cincinnati, 
admit of being again divided into two subdivisions, which may 
be designated, as a and 6, In the following careful description of 
their peculiarities, I shall endeavor to show that they are dis- 

85 rt Lichetiocrinus crateriformis Hall in columns L. B, xi a, and xi ^; 
87 also in xi b\ 91 and 92 range up from column L. B; add as \i\a He- 
ierotrypa? vaupeli^ in xii b\ 126 occurs in xi «, xi b and xii a\ 203 also in 
XIII; 240 occurs apparently only near top of xii a, and not in xii b\ 245 
should read G. schuchertana Ulrich; 266 and 297 also in xii a\ 311 also in 
xiv; 328 in xii instead of xiv; 362 in xi b instead of xii a\ 391 in xii^ in- 
stead of XII ;<7 395 also in xiii; 442 and 443 in xii ^instead of xiii;444in 
XII a instead of xii b\ 448 in L. B. and xi <7. 
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tinguished by recognizable, though slight, changes in both their 
lithology and fauna.* 

a The thickness of this subdivision in the vicinity of Cincin- 
nati is betvsreen 75 and 80 feet, but only 50 of these are exposed 
in the Kentucky bank of the Ohio river opposite the city, the 
lower 25 or 30 feet being below low water mark. In go- 
ing up the river, however, more and more is brought to the 
surface, till near Point Pleasant the whole thickness may be 
seen. The character of the lower 15 or 20 feet in the Ohio 
river exposures is not fully established, and I can speak of them 
only in the light furnished by well-borings at Covington and 
Cincinnati.' These appear to show that they are composed of 
dark shales, and twelve or more 3 to 8 inch courses of either 
subcrystalline or impure hard limestones, the latter apparently 
the more numerous. Both the shales and limestones contain an 
abundance of trilobite remains, of which those belonging to two 
or three species of Asaphus are by far the most numerous. 
The valves of several species of Beyrichia^ Primttia and Cy- 
theropsis are also very numerous, but other fossils seem to be rare. 

Several of the well-borings at Cincinnati seem to show that 
the contact between beds X and XI a is well marked, the pas- 
sage of the drill from the shaly layers of the latter into the 
tough heavy-bedded limestones of the former being abrupt. 
Still, I am inclined to believe that to the south and east of that 
city some localities will be found where the passage from the 
one into the other is not so abrupt. Such a locality probably 
exists along the Kentucky Central R. R. not far north of Paris, 
Ky. Carloads of rock brought from that vicinity and used for 
ballast by the Ky. Central R, R. Co. certainly resemble some 
of the layers of XI a. The rocks are full of fossils, of which 
among others characteristic of beds XI a. Or this borealis Billings 
and Rhynchonella increbesccns Hall, have not been found above 
beds X in central Kentucky. 

* It is to be observed here that xia is nearly equivalent to the River 
Quarry beds, and xi^ to the Eden shales of Prof. Orton (Geol. Surv. of 
Ohio, vol. i) 

3 The writer hopes soon to make a careful examination of the Point 
Pleasant section so as to determine, if possible, the exact position of the 
strata there exposed. 
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The best exposure of this subdivision known to me is found 
in the Kentucky bank of the Ohio river, beginning about one 
mile west of the mouth of the Licking river. Here every layer 
of the upper 50 feet may be traced for nearly a mile, and, on 
account of the frequent washings to which the beds are sub- 
jected by the rising of the water in the river, many fine fossils 
are annually collected there. 

At this locality the uppermost member of the series is formed 
by a crinoidal limestone layer, varying in thickness from i to 2 
feet and composed almost entirely of the comminuted remains 
of Meter ocrinus. The upper surface of this layer is rough and 
generally presents a mottled appearance due to small lenticular 
concretions, often charged with iron, which are contained in it. 
A large branching species of Ptllodictya which I propose to 
name P. ponderosa^ is apparently restricted to this layer. The 
branches of this bryozoan are often more than an inch in width, 
and nearly a quarter of an inch in thickness. 

Immediately beneath the heavy layers there is a little soft 
shale, and below this three or four feet of somewhat granular, 
unevenly bedded, limestones, which disintegrate rather rapidly 
and are disposed to break up into irregular layers on exposure to 
the weather. When freshly fractured, their crystalline interior 
is light blue in color, and contrasts strongly with their gray or 
brownish exterior. It is from them that the Dendrocrinus 
dyeri is derived. Specimens of this graceful crinoid are not 
rare, but, on account of the peculiar character of the rock, very 
few of them are well preserved. A singular feature relating to 
the occurrence of Ihis crinoid is that the specimens are almost in- 
variably attached to the lower side of the layers. Other fossils 
are rare, and except a Lingula (Z. norwoodi yames) always 
illy preserved. 

Below these layers there are about 1 2 feet of a soft clayey 
shale and more evenly bedded impure limestones, when a layer 
holding numerous hard clay nodules is met with. Some of the 
limestones are highly fossiliferous, while the shale in places 
contains numerous fragments of Monotrypella briareus. Other 
fossils that are more or less abundant at this horizon are Modioli 
apsis Cincinnati ensis^ MP cancellata^ Lyrodesma planum^ Pleu- 
rotomaria ohioensis^ BeIleropho7t bilobatus^ JLockeia seliquariay 
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Cyclop hycus later ale^ Batostoma erraticum^ Aspidopora ? caly- 
cula^ Ambonychia n, sp^ and Tetradium Jibratum (rare.) 

Two or three feet below the nodule layer there is a strongly 
undulated limestone, 3 to 10 inches thick, containing Tellinomya 
alta^ in great abundance. From this layer to low water mark 
(about 18 feet) the section consists mainly of hard and softer 
shales, grayish or drab colored when weathered, and several 
courses of impure limestone. Aside from rather numerous frag- 
ments of Asaphus fossils are comparatively rare. 

In going up the river to the mouth of the Licking the slight 
rise in the strata brings up about 4 feet more of the series. 
These consist of a number of courses of subcrystalline dark or 
grey limestone, four to six inches thick, separated by nearly the 
same amount of shales. The upper layer of limestone gener- 
ally contains many good examples of Modiolopsis cincinnatien- 
stSy while the lower ones are full of ostracoda, and hold also a 
considerable number of Asaphus fragments. The shale band& 
contain Pterinea insueta^ Lingula cobourgensis and, one band 
in particular, great numbers of Leptobolus lepis. This same 
horizon is exposed several miles up the Licking river. Here 
they furnished also species of conodonts referable to Deprano^ 
dus. 

Several feet of shales that are supposed to represent the por- 
tion of the section immediately below that mentioned in the 
preceding paragraph are exposed under the bank of the river in 
the first ward of Cincinnati. They can only be reached when 
the water is very low, but as the river rarely fails to drop to 
the desired level at least once during the summer, this draw- 
back is not very serious. 

Several fossils occur in these shales that are not found else- 
where in the immediate vicinity of Cincinnati. Triarthrus 
becki which they contain in abundance, is probably their most 
important fossil ; but none the less interesting are certain grap- 
tolites which have been found in tl* em. These and other fossils 
that add interest to the beds are: Graptolithus gracilis^ Die- 
ranograptus ramosus^ Diplograptus spinulosus^ Aspidopora 
areolata^ A? neivberryi^ Leptcena plicatella^ Lingula ricini^ 
. formis^Leperditia radiata^Merocrinus curtus^and Stenocrinus ? 
geniculatus. A colony of Palceaster Jinei^ comprising more 
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than one thousand individuals was found. These occupied the 
surface of a layer of the shale over a space scarcely 2 feet 
square. In Mercer, Boyle, Washington and other counties of 
central Kentucky, the contact between beds X and XIa is often 
exposed. At the base of the latter, though not often seen in 
places because of its easy disintegration, there is generally a 
layer of limestone, one foot or so in thickness, which usually 
contains some rounded limestone pebbles, a little iron, fluor- 
spar, and worn fragments of shells and bryozoa. Resting upon 
this there may be several feet of thin hydraulic limestone, then 
15 feet, more or less, of dark limestone, appearing thick-bedded 
in fresh cuts, but breaking up into small pieces when long ex- 
posed^ These are largely made up of the zoaria of an unde- 
termined ramose bryozoan, with now and then an example of 
a massive species of Crepipora. Between these bryozoa layers 
there is also usually included one or more irregularly bedded 
hard crinoidal limestones. 

Overlying the bryozoa beds we usually find several feet of 
soft, drab slightly greenish shales containing hard concretionary 
masses and a few fossils, mainly Monotrypella briareus. Above 
these shales there is usually a thick layer of limestone, probable 
equivalent to the crinoidal layer which marks the top of the sub- 
division in the Ohio river exposures. This is supposed to be so 
from the fact that the superposed strata have the character of 
XI3. 

Much study is still necessary before we can satisfactorily cor- 
relate the strata of XIa observed in the central Kentucky 
counties south of the Kentucky river with those exposed in the 
neighborhood of Cincinnati. One thing seems certain, and that 
is, that the lower or trilobite layers are entirely absent south of 
the Kentucky river. That some member is missing is already 
indicated by the decreased thickness of the subdivision, it 
having diminished to about half the thickness observed at 
Cincinnati. 

In Washington, Mercer and Boyle counties none of the ex- 
posures seen by me exhibit any strata which could be regarded 
as representing the trilobite layers, nor can I find any mention 
of such in Mr. Linney's reports on the rocks of those and other 
counties studied by him. That these layers were carefully 
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searched for by him I cannot doubt since in a conversation 
with him, he expressed himself as greatly disappointed because 
of his failure to discover certain species belonging to this hori- 
zon in the counties in which he was engaged. 

Nor is this horizon established in Fayette Co., but in going 
farther northward I have observed, but not studied, certain beds 
at Georgetown and Rogers Gap which may represent them. 
At the last locality, especially, the Cincinnati southern R. R. 
has made several extensive cuts wliich would, I believe; throw 
much light upon the point. 

XI^. This sub-division is exposed in numerous runs and 
creeks that empty into the Ohio and Licking rivers in the 
vicinity of Cincinnati. The upper half forms the base of the 
hills surrounding that city and Covington and Newport, two 
cities directly across the river in Kentucky. Over three-fourths 
of the entire mass, which here has a thickness of 225 feet, is 
composed mainly of soft shales. These vary slightly in color 
as we go upward, being greenish-gray, drab or yellowish, for 
the first twenty feet and of various shades of blue throughout 
the rest. Limestones are few and generally thin in the lower 
ninety feet, more abundant and in heavier courses (3' to 8' ) in 
the succeeding forty feet. Above this horizon for forty feet 
or more the shales again predominate greatly over the lime- 
stones, the latter being generally less and rarely more than three 
inches thick and separated from each other by beds of shale 
three feet or more in thickness. From this horizon which 
is often marked by two six-to-twelve-inch layers, to the top of 
the sub-division, a distance of fifty feet, the limestones, though 
still thin-bedded, become more frequent, the separating shale 
being usually less than one foot in thickness. Both the shales 
and limestones in this portion of the section gradually assume a 
sandy character, but this is never so pronounced as in the lower 
portion of the succeeding division. 

At the base of these shales and resting directly upon the 
heavy crinoidal limestone top of XIa. there are often about 
two feet of hard drab shales having a concretionary structure. 
These are unfossiliferous, but in the next ten feet quite an 
abundance of species may be found free or on the surface of 
Ihin limestones slabs. Crept fora venusta and Stictoporella 
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interstincta are two interesting bryozoa which occur at this 
horizon more frequently than at any other known to me. 

At ten feet above the base ( /. e. sixty feet above low water 
mark in the Ohio river at Cincinnati) I have in several instances 
found a thin layer which is remarkable because it contains, be- 
sides large numbers of that small shell Leptobolus insignisy 2l 
number of fossils which are otherwise known only from the 
shale beds that have been described as occurring under the river 
bank in the first ward of Cincinnati. These fossils are Merc- 
er inus curUds^ Leptcena plicatella^ Triarthrus beckty Primitia 
biveriex and Cytheropsis unicornis. The same layer is appar- 
ently represented in Taylor's creek east of Newport, Ky., 
where it is also about sixty feet above the bed of the Ohio river. 

The five species above mentioned ought perhaps to be counted 
as common to XIa and XI^, but as they are characteristic fossils 
of the former and as none of them are known to extend higher 
in the series than stated, they have not been so regarded, but 
in the list are noted as restricted to the lower sub-division. 

In the sucrceding twenty feet very few fossils excepting 
trails, tracks and so-called fucoids, occur. The latter, however, 
are moderately abundant and better preserved than at any sub- 
sequent horizon in the Lower Silurian strata under discussion. 

At about eighty feet above low water mark^ (thirty feet above 
the top of Xlfl) fossils once more become abundant, bryozoa 
being predominant here as they are at all subsequent fossilifer- 
ous horizons in the sub-division. From here on to 180 feet 
above the river, fossils of that class increase in number until 
from the last mentioned level to twenty feet above they may 
be said to literally fill the shales. Where these layers are ex- 
posed to the weather the surface of the ground is found thickly 
strewn with generally well preserved fragments. These belong 
to many species, but as by far the most of them belong to three 
species of Dekayella (Z?. ulrichi^ D. obscura^ D, n, sp.) the 
layers might be appropriately called the Dekayella bed, Orthis 
niultisecta^ Monotrypella cequahs^ Batostoma jamesi,^ B. impli- 
cata^ Callopora sigillaroidea^ Ccramoporclla distincta^ C ohio- 

^ When this expression is used, -without being otherwise qualified, it 
refers to low water mark in the Ohio river at Cincinnati, O. 
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ensisy Diamesopora communis^ and D. vaupeli^ are also very 
common at this horizon. 

Before going farther I desire to mention two other interest- 
ing fossil horizons. The first, about 120 feet above low water 
mark, afforded fine examples of Tceniasterjlexuasa^ T^fimbriata^ 
Palceaster Jinei^ Palceaster n. sp,^ Trinucleus concentricus^ Zl 
bellulus and Serpulites dissolutus^ all species that are considered 
rare. Three feet below this bed another contained many spec- 
imens of fossil worms in excellent preservation which have 
been described by me under the names Protoscolex covington- 
cnsisy P, ornatus and Eotrophonia sctigera} Associated with 
these in extreme abundance were complete examples of an ex- 
ceedingly delicate jointed bryozoan (^Arthrosiylus tenuis). 

The second bed is about thirty feet above the star-fish layer, 
in a small run one-fourth of a mile south of Lewisburg, a 
suburb of Covington. Here several inches of the shale are 
crowded with graptolites belonging almost entirely to the 
species which I have named Inocaulis arhuscula. 

At the top of the Dekayella bed there comes in a large 
form of Callopora sigillaroidea. An occasional fragment of 
Constellaria Jlorida var. promtnens is also met with here, but 
in the succeeding fifty feet this strongly marked variety be- 
comes, at any rate at certain localities, very common. At 260 
feet above low water mark the majority of the bryozoa observed 
in the Dekayella bed reappear abundantly in a bed three or four 
feet thick. This brings us to the top of the sub-division which 
is marked by an increase in the limestones and in the sandy 
character of the strata. 

Little is known of the eastern and western extensions of this 
bed of shales, but there is scarcely any reason known to me why 
they should be found materially different from the Cincinnati 
section above described. To the south and beyond the Ken- 
tucky river some variation may be looked for, but this, it has 
been ascertained is not greater than has taken place in the 
southern extension of XIa. 

In Boyle, Washington, Mercer and other counties of Ken- 
tucky, the lower eighty feet or more, the same as at Cincinnati, 
consist mainly of soft shales, the limestones being thin and 

r ^ 

' Jour. Cin. Soc. Nat. Hist. vol. i, p. 187. 
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widely separated, with bryozoa the principal fossils. Above: 
these there are seventy or eighty feet more of shales and lime- 
stones, differing from the preceding eighty feet in having the 
limestones, especially in the lower part, heavier and the shale 
bands thinner. 

This portion of the section contains several "wave layers" 
like those that occur in the same beds at Cincinnati. The up- 
per one, which in central Kentucky comes in at about 170 feet 
above the top of beds X, is a marked feature at many localities 
in Washington and other counties. 

Above this wavy layer there is a succession of limestones and 
shales 100 or more feet thick, the limestones, occurring in 
courses from two to eight inches thick, being generally impure,, 
but in some cases semi-crystalline. The shales are more or less 
sandy and form beds of from two to twenty feet in thickness- 
The sandy character of the strata increases toward the top 
causing some difficulty in drawing the line between this division 
and the arenaceous base of beds XII. 

Fossils belonging to the same species as those mentioned in 
the description of the Cincinnati exposures are very abundant 
in both the shales and limestones, particularly so at several hor- 
izons in the lower and middle thirds of the sub-division. In 
these they are also well preserved and readily washed from the 
matrix ; but in the sandy upper layers they are neither so well 
preserved nor so plentiful. 

Of the 186 species that are mentioned in the list as occurring 
in these beds, 108, or more than one half, are restricted to them,, 
eighty arc found in both the upper and lower portion, fifty pass 
into them from lower beds, and fifty-two pass into beds XII. 

The late discovery of natural gas and oil in northern Ohio- 
and Indiana has given us excellent opportunities for comparison. 
Innumerable wells have been drilled, and of many of them 
fairly reliable data have been preserved. These are often im- 
portant and generally most interesting. In this place, however, 
I shall restrict myself to a few remarks on the northward ex- 
tension of the 300 feet of shales and limestones which above 
are described and designated as beds XI. 

In tracing the beds northward from Cincinnati it appears that 
the calcareous material gradually decreases till at Findlay,' Ohio,. 
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we find them represented by an apparently uninterrupted series 
of shales 300 feet thick. These shales, because they are black 
or brownish and contain Leptobolus ins ignis ^ have been identi- 
fied by Prof. Orton with the Utica shale of New York. 
Though a little anticipatory, I may still be allowed to say here 
that, judging from the position held hy them and from a series 
of drillings kindly sent me by Prof. Orton, I fully concur with 
him in thus placing them. 

On page 117 of his "preliminary report upon petroleum 
and inflammable gas," Prof. Orton concludes that in tracing 
the shales southward from Springfield, to Dayton, then to Mid- 
dletown (where it is only 100 feet thick) and finally to Hamil- 
ton, it rapidly lost in thickness. At the last locality th6 shale is 
reported as only 37 feet thick. At this rate of decrease it would, 
of course, run out before reaching the Ohio river. We must, 
hov/ever, bear in mind that it is only the black shale that is de- 
creasing in volume, while, if the 300 feet of this shale at Find- 
lay is not represented in the Ohio valley, the Lower Silurian 
strata above it must have increased from 460 feet at Findlay to 
at least 800 feet near Cincinnati. 

In my opinion, and I hope to show it in a later installment, 
this increase is greater than the facts known and relating to 
the point indicate. For the present it must suffice to say that, 
if not all at least a large proportion of the strata comprised in 
beds XI are equivalent to the black or Utica shales underlying 
Findlay. A study of the tabulated list will show that the Cin- 
cinnati exposures of these beds have furnished not only one 
but at least ten of the species which Walcott and others regard 
as strictly diagnostic of Utica. When we consider the change 
in composition, this is as great a proportion of such species as 
can reasonably be expected. 

(To be eonUnued.) 
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GEOLOGY IN OUR PREPARATORY SCHOOLS. 

BY W. EDGAR TAYLOR, 
Nebraska State Normal Schooly Peru^ Neb, 

A loud cry for help is going out from the teaching profession. In- 
formation is wanted as to how, what and where, to find means to teach 
geology. The professional chairs in schools and colleges, no less than 
the country school houses, are beginning to resound with the inquiry, 
for guidance, for suggestions, and for direct information as to the ways 
and means for geological information, and especially for giving geologi- 
cal instruction. — American Geologist. 

The Section of Geology of The American Association for 
the Advancement of Science heeded this loud call in part, at 
least, by presenting two papers at its last meeting on the sub- 
ject of geological teaching. But while this need of improve- 
ment is felt mostly in the university, the class of schools named 
can not hope to make much progress in geological teaching till 
the preparatory schools, including high schools, smaller col- 
leges and normal schools become aroused to the importance of 
the work. This fact teachers of geology seem to have over- 
looked entirely. We do not remember to have seen an article 
on the subject of teaching geology published in any general 
educational journal, nor have we noticed an article of the kind 
named, treating the subject as taught in preparatory schools, in 
any journal or magazine, literary or scientific. Papers on 
methods and plans of doing geological work and teaching, in 
larger colleges and universities, are more common of late years, 
but we repeat, instruction suitable for our preparatory teachers 
is sadly lacking. This being true, does it seem strange that the 
methods of teaching this one branch are far behind methods 
employed in the other sciences? Most teachers of geolog}*^ in 
our preparatory schools are not specialists in any of the sciences; 
most geological literature, owing to its cost, is out of their reach, 
and geology seldom being mentioned in their general educational 
readings, their immediate attention is scarcely ever called to the 
subject. If specialists, their preference more frequently is in 
some other line, and hence geology is given but little attention. 
Since the smaller schools have given but little attention to 
geological work but little time is given to its study, while this 
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short study is crowded into some out of the way corner of the 
course. Many of our smaller colleges and normal schools do 
not give the subject more than ten or twelve weeks, (forty-five 
minutes per day, five days each week), most all this time being 
spent in reciting from the text-book. 

With these facts before us, it is no wonder, that while almost 
all schools provide apparatus for teaching biology, physics and 
chemistry, the material possessed for geological instruction con- 
sists mostly of a small collection of fossil curiosities, imperfectly 
labeled if classified at all. Many schools have well arranged 
courses in the chemical, physical and biological sciences, with 
provisions for laboratory work, and why may we not have simi- 
lar facilities for geological instruction ? 

With the hope of calling out others the writer submits a brief 
outline for laboratory and field work in geology, time covering 
say ten weeks of two recitation periods per day. The outline 
is only suggestive, and doubtless might be improved in many 
ways. 

We usually begin the study of geology with: 

/. Lithology. 

I. Mineral determinations. 

a, A written description of at least twenty of the most 
common minerals to be found in the immediate vicinity. 
The pupil should be able to determine for himself the fol. 
lowing points, viz., form, color, structure, streak, lustre, 
transparency, cleavage, hardness, fracture, touch and specific 
gravity. Usually, before the student is asked to make out 
the above descriptions (unknowns) he should be given a set 
of typical minerals for careful examination and comparison. 

b. Blowpipe analysis and neat record of at least five 
minerals. In blowpipe work the student should follow 
some well defined plan. We would suggest that the min- 
erals be studied in the following order: 

( I ) Physical properties. 

(2) Examination in a sealed glass tube or matrass. 

(3) Examination in an open glass tube. 

(4) Examination on charcoal. 

(5) Examination with re-agents. 

(6) Examination on platinum wire. 
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2. Crystallography. 

a. Make with appropriate notes a drawing illustrating 
each of the six systems of crystallization. 

b. Make, of paste-board, clay, plaster of paris, or putty, 
forms illustrating the six systems. 

c. Classify and describe at least six minerals with refer- 
ence to their crystallization. 

3. Collect, classify, label and neatly arrange in a neat box 
at least twenty-five minerals. 

//. Paleontology, 

1. Determination and written descriptions of at least ten 
species of brachiopods. Generally it is best not to aim to class- 
ify further than the family name ; the object being to give the 
pupil a clear knowledge of the history and structure of geolog- 
ical species as compared with existing shells. The pupil should 
be able to determine the characteristics of the shell; viz. loca- 
tions of the dorsal and ventral valves, forms of internal sup- 
ports and external markings, beak, hinge-line, cardinal area, 
deltidium, and internal muscular impressions. In studying ex- 
ternal markings observe the length, width, and thickness of the 
shell, also the sinus, median depression, width and length of the 
hinge-area, prominence of the beak, number and size of the 
striations, lines of growth aiid the comparative measurements of 
the shell. The forms of the former internal structure in part, 
may be reproduced by the pupil, who thus gains a more accurate 
and precise knowledge of the internal markings of the fossil 
brachiopod. If desired other classes of animals may be substi- 
tuted for the brachiopod, and studied in a similar manner. 

2. Monographs. 

The pupil should draw more or less in all geological work, 
but historical and strati graphical geology offers special advan- 
tages in this direction. Under this heading the pupil may easily 
be given some idea of the methods of preparing plates and 
making notes and descriptions. The teacher can not do better 
than model this work after the plan of standard paleontologi- 
cal reports; making three parts of the descriptions; viz. one 
plate each, for drawings, explanations and general notes. The 
drawings may be made with the pencil, but the explanations 
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and general notes should be written in ink. For a short course 
in geology we should say that the monograph should consist of 
not less than four species of at least four drawings each, namely 
one each of the dorsal and the ventral surfaces, and two sections 
showing internal structure. For methods of sectionizing fossils, 
and determining their internal markings we could not do better 
than refer the reader to Dr. Winchell's Geological Studies. 

3. Collect, classify, label and carefully arrange in a neat box 
or case, at least twenty species of fossils, simply giving family 
names. Each specimen should have cemented to it a small 
numbered ticket referring to a catalogue containing notes giving 
name, locality and geological formation of the fossil as well as 
the date and by whom labeled and collected. The ticket should 
be no larger than necessary to contain the number, which should 
he written in ink and with a pointed pen, and may vary in shape 
and color in order that the collections of different students may 
he kept separate. 

///. Maps, 

One map for each student; standard sizes, say not over 30 x 
T^d inches. If outline maps can not be procured use heavy paper 
prepared for architectural drawings or cloth. For a suitable 
map we usually select a map of North America, United States, 
or a part of it, or the map of some state. The colors, which 
should be the standard agreed upon by the International 
•Geological Congress, the United States Geological Survey, or 
those adopted by custom, may be made in many ways, but we 
have had better success when using Diamond dye colors. 
These colors are sold in ten cent packages by all druggists, and 
one package of each color needed will supply a class of fifty, 
or more. These colors should be filtered after being dissolved 
in hot water, and spread on with a tolerably large camel's-hair 
brush. In coloring the map great care should be taken to get 
the outlines sharp and not to make the tints too strong. Dif- 
ferent maps requiring similar effort may be given to each 
student. These maps, when accurately drawn and carefully 
mounted on rollers may be made quite useful in class recitations. 
Maps on economical geology may be drawn, on a smaller 
scale, illustrating distribution and production of coal, petroleum, 
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marble, iron and other useful metals, as well as the precious 
metals, mining, etc. Many good models for this work may be 
found in the reports of the tenth census. 

/ V, Sectionizing, 

Under this division we required of our last class the following: 

1. Actual section of some bluff showing a formation^ a 
stratum^ and a lamina, 

2. East and west section or some state. These sections were 
made in standard colors, on stiff paper, size 12x15 inches, appro- 
priately lettered, with key and proper scale. 

3. Section of the Missouri river bluffs south of Peru. This 
section was required to be made in ink and on stiff drawing paper. 

The explanations, plates and notes may be modeled after sim- 
ilar sections in standard geological reports. 

The teacher to a certain extent may modify his work to suit 
the demands and special advantages for certain lines of work. 

For example most of the time of the class may be given to 
certain parts of geology, as mineralogy, paleontology, strati- 
graphical or geographical geology. The student should be re- 
quired to keep neat, full and accurate record of all the work 
done. He may be stimulated much by allowing him to retain, 
after leaving the class, his records and drawings, including maps 
and sections, as well as all collections. Ownership is a great 
stimulus on the part of the student when properly directed by 
the teacher. At times and under proper conditions, the teacher 
may even encourage exchanges on the part of the pupils, with 
collectors living in other localities. However the teacher 
should see to it that the student does not become a mere collector 
of curiosities, a class of people found everywhere, but in no 
sense to be called geologists. 

The writer has usually found it best to give about one third 
of the time for this study to recitations, adapting as far as possi- 
ble the subject matter of the recitation to the laboratory w^ork. 

For example while the class is giving special attention to the 
brachiopod, and after this family has been pretty well discussed, 
the teacher may explain other families of mollusca, when the 
limited time of the class will not permit a more minute study of 
this class. 
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As a stimulus toward special readings we have usually re- 
quired from two to four monographs or essays per term from 
each student. These essays are written on paper of uniform 
size say letter paper (loj^xS inches), consisting of four or five 
pages of reading matter and from one to two drawings illustrat- 
ing parts of the paper. The subjects assigned vary with the 
different divisions of geology, but more frequently deal with 
economical geology. We usually assign each student a sepa- 
rate subject and have a part of the papers read before the class. 



EDITORIAL COMMENT. 



SOME NEW CONTRIBUTIONS TO THE DISCUSSION OF CORAL 

FORMATIONS. 

Captain W. J. L. Wharton, Hydrogapher to the English 
Navy, contributes to Nature an account of some coral forma- 
tions in the China sea — a welcome addition to our knowledge 
of the facts, doubly welcome in contrast with the unseemly per- 
sonalities and recriminations growing out of the bitter charges 
made by the Duke of Argyll against English scientists. Whar- 
ton frankly avows his "abandonment of the supposition that 
subsidence plays a principal part in the production of barrier 
reefs and atolls," but at the same time is " not satisfied with one 
part of the explanation offered by Mr. J. Murray." The one 
element in Murray's theory which does not satisfy Capt. Whar- 
ton is the same which Dr. L. E. Hicks in his article, " The Reef 
Builders," in this number of this journal, regards as the weak- 
est, viz., the competency of sea water to remove, by its solvent 
action, the great masses of coral which are supposed to have 
partially filled the deep lagoons of some atolls, and the deep 
channels within certain barrier reefs. 

Referring to the very interesting and important fact ascer- 
tained by the Challenger Expedition that pelagic shells falling 
through great depths are dissolved, Wharton says that the case 
is very different from the solution of coral rock in lagoons. 
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The shells fall through a solvent medium, are attacked on all 
«ides, constantly washed clean for a fresh attack, and constantly 
meeting fresh portions of the liquid. Masses of coral limestone 
in a lagoon are, on the other hand, attacked only from above, 
are protected by the debris of their own disintegration, as well 
as that falling from the surface or swept in by currents, and are 
long in contact with the same liquid particles. 

The readers of Nature will find much to interest and instruct 
them in the charts given by Capt. Wharton of the Tizard, 
Macclesfeld, and Prince Consort banks. The central portion 
of the Tizard bank is from thirty to forty-seven fathoms in 
depth, with a rim of living coral rising within four to ten 
fathoms from the surface, some small patches of reef even 
reaching the surface. The other two banks arp similar except 
that the coral is deeper in tfie water. Wharton maintains that 
the progressive development of these banks will result in atolls 
with deep lagoons, for the production of which neither the 
subsidence assumed by Darwin nor the solution assumed by 
Murray, is needed. 

His facts will certainly tend to emphasize the opinion ex^ 
pressed at the close of his communication, that a better know- 
ledge of the physical and biological phenomena of coral 
formations is requisite to settle the theoretical disputes about 
them. 

Mr. John Murray, however, demurs to the proposition that 
our knowledge is so very limited at present, and re-affirms his 
faith in the solution theory. 

In the same number of Nature (March i ) Prof. G. C. Bourne 
contributes additional facts derived from the study of living 
corals at Diego Garcia, and the Great Chagos, Pitt, and Centu- 
rian banks. His conclusions are, as he puts it, " nearly identical" 
with those of Capt. Wharton. He adds however, what seems 
to us an important suggestion, viz., that currents by their too 
great violence, or their entire absence, have more to do with the 
absence of living polyps in lagoons than the supply of food. 
At Diego Garcia "the most luxuriant coral patches are found 
at the south end of the lagoon, furthest away from the lagoon 
outlet." In this case the food supply, which may be assumed 
to enter by the " lagoon outlet," is manifestly not the most es- 
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sential condition. But in general the close relation of currents 
to food supply is so obvious that we cannot regard Prof. Bourne's 
explanation as independently and universally valid. If taken as 
not excluding but supplementing the theory that the supply of 
food is a sine qua non^ it may command acceptance. 

In Nature^ March 15th, Robert Irvine and James G. Ross 
give the results of careful study of the solubility of coral rock 
in sea water. Both conclude that the rate of solution is rapid 
enough to produce note-worthy results highly favorable to- 
Murray's theory. H. B. Guppy comes forward also with a 
suggestion to the effect that the anti-subsidence theory is not 
obliged to rely upon solution alone for its validity. It has 
many other strong points in its favor. 

THE PALiKONTOLOGICAL LABORS OF PROF. JOS. F. JAMES* 

The destructive tendency exhibited in nearly all of Prof.. 
James' papers, and their extreme boldness, have given them, at 
any rate so it appears to us, a degree of importance beyond their 
true merit. They seem also to show little respect for the work 
of others, some of whom have required many years of pains- 
taking study to formulate views which he casts aside as worth- 
less. That all men are liable to errors is too apparent to need 
to be admitted here, yet it is neither just nor possible to set aside 
an author's views without giving good reasons for doing so. 
This it seems he has regarded as unnecessary, since in no in- 
stance are his views supported by any facts nor evidence beyond 
his mere assertion. Scientific truths must stand upon more 
than mere assertions — facts must be cited before they can be 
regarded as entitled to favorable consideration. 

To show that the above criticism is well founded, we will 
briefly review Prof. James' palaeontological papers in the order 
that they appeared. 

In his first paper, which appeared in the Journal of the Cin. 
Soc. Nat. Hist., vol. vii, 1884, he grapples with one of the most 
difHcult subjects, — the so-called fucoids of the Cincinnati rocks. 
This group of fossils had been mainly named by Mr. S. A* 
Miller, though other authorities, among them Prof. James Hal 
and Mr. C. D. Walcott, also contributed. Prof. James under- 
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takes to show that all of the fossils in question are referable 
either to inorganic causes, or to tracks, trails, and impressions 
of organisms, or were graptolites. Thus, with one stroke, many 
generic and many more specific names are wiped out. Among 
these mistreated fossils are several undeniable sponges, their 
spicular skeletons being known. It is therefore sad to think 
that such an interesting form as Walcott's Cyathophycus sub- 
sphericus should have to figure as a mud bubble! Most palae- 
ontologists admit that some of the supposed marine plants of 
palaeozoic rocks may be the result of inorganic causes, but there 
are good reasons to believe that many, if not the majority, will 
be eventually classified with the spongida. 

In the October 1885 number of the same journal we find 
three small papers from his pen, each acting as a sword to lop 
off useless names. The first destroys our confidence in a fossil 
fungus which the venerable Leo. Lesquereux claimed to have 
discovered in the Coal Measures of Pennsylvania. The second 
expunges Ormatichnus and Walcottia^ two names that their 
authors hoped might be useful. The third deals in like manner 
.with Lepidolites and Anomaloides^ two generic names proposed 
by Mr. Ulrich in 1878 and 1879. Because the former has some 
outward resemblance to Ischadites^ Prof. James concludes they 
must be the same, ignoring the fact that beyond the superficial 
appearance of the spicular plates there is no resemblance be- 
tween them, Ischaditcs being built up very much upon the 
same plan as Receptaculites^ while Lepidolites consists solely 
of a thin integument of imbricating plates. That these peculiar 
bodies probably belong to the Receptaculitidce^ we freely admits 
but they are not by any means the same as Ischadites. Anotn- 
aloides he places as a synonym under Rccept acuities. Despite 
frequent examinations of the types of that remarkable fossil we 
are unable to indicate its natural position, but it is simply ridic- 
ulous to identify it with Recepiaculites. Not a single structural 
feature is common to them. 

His next venture we find in the January 1886 number, when 
he favors ub with a revision of the cephalopoda of the Cincin- 
nati group. Before he undertook this work Cincinnati geolo- 
gists prided themselves upon having at least thirty-seven species 
and two varieties in their rocks, but again the useless ones are 
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thrown out, leaving but twenty-nine. Perhaps to console them 
he describes the siphuncle of an £ndoceras upon which the 
septa have been tightly pressed (a common occurrence in soft 
shales) as a new species of Colpoceras, Such good species as 
Orthoceras fosteri S. A. Miller, O. cincinnatiense S. A. M., 
and Cyrtoceras conoidale Wetherby, are consigned to the "limbo 
of the improbable," while such an evident synonym as O. hindei 
James,^ stands as a remarkable semicylindrical shell. One Ni- 
agara and several Trenton species are stated to occur at Cin- 
cinnati, while his descriptions are in most cases so vague and 
meagre that they arc, to say the least, no improvement upon 
what we had before. To begin with, he complains of the 
fragmentary material upon which some of the species were 
founded by previous authors, and yet wc find in the same num- 
ber that he describes under the name Gomphoceras powersi^ a 
specimen so badly preserved that a generic reference must be 
purely conjectural. But it is remarkable in having both ends 
tapering and without septa! At the close of this paper he 
severely rebukes Prof. Alpheus Hyatt, whom we all supposed 
knew something of the cephalopoda, for framing a system of 
classification which is " simply appalling." 

Just one year later he publishes a descriptive catalogue of the 
"Protozoa of the Cincinnati group." In this paper Microspon- 
gia is placed as a synonym under Astylospongia^ when he might 
easily have learned, that these two genera are really very dis- 
tinct, and belong to different orders. Thin sections (of which 
he says truly that they are essential to the study of pylaeozoic 
sponges) show conclusively that Microspongia gregaria is 
congeneric with, even very closely related to, the common Ni- 
agara fossil Calamopor a fibrosa Roemer (non Goldfuss), which 

* This name beyond question, was given to examples of O. transversum 
S. A. M., which had been partly bedded in soft shale. As is well known 
all cephalopodous shells occurring in soft shales have lost nearly all of 
their calcareous material, being generally represented by a delicate brown 
or black film which weathers away as readily as the shale itself. O, 
h'ndeiy differing in no other respect than in the semicylindrical form from 
O. transversum^ was produced by the weathering away of that portion of 
the shell which had extended up or down into the shale, the form and 
substance of the other half of the shell being well preserved in the lime- 
stone. 
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Duncan described in 1875 ^^ ^ ^^^ genus of calcareous sponges^ 
under the name of Hindia sphceroidalis. The later work of 
Hinde and particularly that of Dr. Rauff upon this species, goes 
to show that Hindia is a lithistid sponge. 

Beatricea he places with the foraminifera and Stromatopora 
and Stromatocerium with the spongida, when our best author- 
ities agree that they are closely related genera belonging to the 
hydroida. Labechia he does not recognize, but its species, as 
well as Dystactosfongia Miller (a very different and remarkable 
true sponge) are ranged under Stromatopora. With regard ta 
the last genus it is sufficient to say that no true species of it is as 
yet know from the Cincinnati rocks, nor from any other Low- 
er Silurian horizon. This paper furnishes no evidence that its 
author had studied any of the recent literature on the sponges,, 
and, as usual, his innovations are retrogressive and detrimental 
to the progress of palaeontological science. 

His latest and most important step is to attempt a revision of 
the monticiiliporoid corals of the Cincinnati group. Two parts 
of this undertaking, in which his father's name is coupled w^ith 
his own, have appeared in the October 1887 and Jan. 1888,. 
numbers of the Jour. Cin. Soc. Nat. Hist. So far as can be 
judged from the parts already published, this paper will make 
rich, almost sensational, reading for some of the authors who- 
have done work in this branch of palseozoology. When their 
work has been completed the Geologist will probably review 
it at length. 

Again the work is highly destructive and retrogressive, since^ 
it puts the subject back where it was 1 2 years ago when Dr. 
Nicholson first began the preparation of thin sections to show 
internal characters. These the Messrs. James curtly condemn 
as a basis for classification, saying that sections are difficult to- 
prepare and unreliable when made. To support this untrue 
statement they make quotations, all misleading — from Geike^ 
Prestwick, Nicholson and Ulrich. To any one acquainted with 
the subject this attempt to cast doubt upon the only method 
known that admits of bringing some harmony and system into 
the classification of this difficult group of fossils seems insincere.. 
The extreme utility of thin sections in the study of the fossil 
bryozoa is recognized by all naturalists who are making a 
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special study of them, and the mere assertion that they are un- 
reliable, can have no effect in delaying the adoption of internal 
peculiarities as of the first importance in their systematic classi- 
fication. 

He who condemns internal characters as a basis of classifica- 
tion in the bryozoa cannot stop there, but, to be consistent must 
also carry his condemnation to other classes of animals in whose 
arrangement they constitute important factors. But wc ask, who 
would for a moment think of overthrowing the admirable system 
proposed by Zittel for the sponges (which rests entirely upon 
minute internal characters) for the extremely artificial classifica- 
tion previously in vogue? Or, who would say that because it 
is generally difficult to determine the interiors of fossil brachio- 
poda, the arrangment and form of the spirals and other inter- 
ual features of the shells should not be accorded great classifica- 
tory value? Similar questions relating to the value of pallial 
and muscular impressions, and the hinge peculiarities of the 1am- 
ellibranchiata, the arrangement of the septa and other features 
of the rugose corals, (all strictly internal characters) might be 
asked were they necessary, but, fortunately, scientific inquiry 
has advanced so far that to call them in question is to insult our 
highest authorities on those branches of natural history. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 



In the Geological Magazine for February the Rev. Norman Glass, long 
the associate of the late Thos. Davidson in his lahors on the British fos- 
sil brachiopoda, describes the position of the spirals in these shells. In 
the spiriferids he says the spirals have their bases facing each other in 
the center of the shell but their apices point a little upwardly toward the 
hinder end of the lateral margin. In some Cyrtinas they arc directed 
backward into the rostral cavity as well as upward. 

In all the other spiral-bearing brachiopods the spirals are so arranged 
that a section made transversely through the shell at its greatest circum- 
ference would cut the apices and the centers of the bases of the spirals. 
Thus, in Athyris the spirals face each other in the center, and their apices 
point directly away from one another toward the lateral margins. If 
they are rotated— both outwardly — about antero-posterior lines passing 
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through the centers of the bases, the spirals will assume the position 
that characterizes the genus Dayia Dav. Continuing the rotation their 
position in Thecospira Za.g.^ is soon reached, where they point to the 
bottom of the ventral value. When a half turn has been made and the 
spirals point toward each other in the center of the shell the position 
characterizes the genus Glassia Dav. After 225 degrees have been 
passed over and the spirals are directed obliquely into the dorsal value, 
Zygospira is indicated, and lastly AtryfOy which has the spirals directed 
to the bottom of the dorsal valve, is represented after a turn of 270 de- 
grees.i 

The Tacottic of Georgia^ and the report on the geology of Vermont. By 
Jules Marcou. (From the memoirs of the Boston Society of Natural 
History, vol. iv. Read May 4, 1887.) This valuable paper gives some 
further facts respecting the geology of northwestern Vermont, and 
sketches the history of the term " Georgia formation." Since the death 
of Dr. Emmons the burden of the pro-Taconic discussion has been ably 
maintained by Mr. Marcou, and he welcomes the advent of the new re- 
searches and conclusions of Mr. Walcott. •* I salute with joy the arrival 
of new observers, better fitted out and armed than I was, sure that now 
the truth will not be kept much longer in the Wckground." Mr. Marcou 
concludes that the term Lorraine shales should be used for " Hudson River 
group," which has become so hopelessly involved. In this heis followed 
by Mr. S. W. Ford (Am. Jour. Sci. xxix, p. 16). The age of the red 
sandrock near Swanton he considers still to be somewhat puzzling. He 
had taken it to be the Potsdam, wholly, but the discovery of the fauna 
of the Georgia slates in some part of it by Mr. Walcott, he thinks shows 
it is older than th« Potsdam. That is to sav, that Mr. Walcott has dis- 
covered the middle primordial fauna in it, whereas it seems that Mr. 
Marcou regards the Potsdam as containing the upper primordial fauna 
— ^an assumption which has not yet been established. It is perhaps as 
likely that the New York Potsdam, when fully examined, will be found 
to contain the middle as the upper primordial. The "Potsdam fauna" 

1 The relation here pointed out by Mr. Glass is exceedingly interesting 
to the palaeontologist, and may be thus represented if we begin with the 
position of the spirals in Athyris as described above. 

Athy ris 0° ^ 135° Atrypa 270P 

Dayia 45° Glassia i8o<* .? 315^ 

Thecospira 90° Zygospira 225° Athyris 360° 

Where are the genera indicated by the interrogation points, and where 
are the missing links between the genera already defined? Probably 
more careful measurement of the angles will bring some of Ihem to 
light and aid in filling the series. 

Similar continuous relations will probably be traced in the structure and 
position of the loops or calcareous fibers connecting the spirals of which 
Mr. Glass adds descriptions, as they occur in the leading genera of 
brachiopods. 
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as accepted by Messrs. Walcott and Marcou is that of the upper Mississ- 
ippi valley, and there is, as yet, no evidence to prove that it is found in 
the Potsdam of New York. On the other hand if that evidence which 
exists be heeded, the New York Potsdam would be placed in the middle 
primordial zone. The paper also reviews the report on the geology of 
Vermont, and the classification of Messrs. E. and C. H. Hitchcock, es- 
pecially with reference to its date of publication, and that of some of its 
parts, and brings out fully the unfriendly opposition of the report toward 
both Emmons and Marcou as well as toward the Taconic system. 



RECENT PUBLICATIONS. 

I. State and Government reports. 

Geological survey of New Jersey ; Annual report of the state geologist 
for the year 1887. 45 pp. one map, George H. Cook. New Brunswick* 

The gabbros and associated hornblende rocks occurring in the neigh- 
borhood of Baltimore, Md.; George Huntington Williams. Bulletin 
No. 28 of the U. S. Geological Survey Washington, 

Seventh annual report of the state mineralogist for the year ending 
October i, 1887. William Irelan, State Mineralogist, 8 vo., 315 pp. Sac- 
ramento, Cal. 

2. Proceedings of scientific societies. 

In the Transactions of the Field'Naturalist Club. March 1888. On 
Utica fossils from Rideau, Ottawa, Ont. Henry M. Ami, Notes on 
geological work during the summer of 1887. Mr, John Stewart. Re- 
port of the Geological Branch for the season of 1887. Ottawa, 

Archaeology of Ohio. 8 vo., 119 pp. M. C. Read. The Western Re- 
serve Historical Society. 

Proceedings and transactions of the Nova Scotian institute of natural 
science of Halifax, Nova Scotia, 1886 — 87. 

3, Papers in scientific journals. 

In the March number of the American Journal of Science, On the so- 
called Northford, Maine, Meteorite P. C. Robinson. History of the 
changes in the Mt. Loa craters. James D. Dana. The Taconic system 
of Emmons, and the use of the name Taconic in geologic nomenclature. 
C. D. Walcott. With one plate. On the crystalline form of polianite. 
E. S, Dana and 5. L,. Pen field. 

In the February number of the American Naturalist. On meteorites. 
Dr. Hans Reusch. 

In the April number of the American Journal of Science. History of the 
changes in the Mt. Loa craters. J. D. Dana. Notes on certain rare 
copper minerals from Utah. W. P. Hillebrand and H. S. Washington. 
The Taconic System of Emmons and the use of the name Taconic in 
geologic nomenclature. C. D, Walcott. Three formations of the middle 
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Atlantic slope. W. y, McGee, Diorite dike at Forest of Dean, Orange 
county, N. Y. y. /^. Kemp, 

In the March nnmber of the American Naturalist, Synopsis of Rosen- 
busch*s new scheme for the classification of massive rocks. W, S, Bayley, 
Glacial erosion in Norway and in high latitudes, y, W. Spencer, 

The Canadian Record of Science lor K-pril conX,^in%', Preliminary note 
on new species of sponges from the Quebec group at Little M^tis. Sir y, 
William Dawson, Notes on sponges from the Quebec group at M^tis, 
and from the Utica shale. Geo. yennings Hinde, On the classification 
of the Cambrian rocks in Acadia. G. F, Matthews. Notes on fossils 
from the Utica formatioR at Point-k-Pic, Murray river. Henry M. Ami. 

4. Excerpts and individual publications. . , 

Notes and observations on the Kivakiool people of Vancouver island. 
George M. Dawson. Trans. Roy. Soc, Can.^ vol, v, 1887. Ottawa. 

Studies on the stratification of the anthracite measures of Pennsylvania. 
Henry A. Wasmuth, 4 plates of sections. 18 pp; 50 cents. J. B. Lippincott 
Co. Philadelphia. 

The southern anthracite coal field of Pennsylvania — its enormous dis- 
turbances and consequent premature exhaustion. Henry A. Wasmuth. 
your, Frank. Inst. , Feb.^ 1888. 

A brief narrative of the Journeys of David Thompson, in Northwestern 
America. J. B. Tyrrell. Proc, Can, Inst., Toronto, March^ 1888. 

Peridotites of the "Cortlandt series" on the Hudson river near Peeks- 
kill, N. Y. George H. Williams. Amer. your, of Science, yan., 1886. 

On a new petrographical microscope of American manufacture. Geo. 
H. Williams. Amer. your, of Science. Feb., 1888, 

Note on some remarkable crystals of pyroxene from Orange county, 
N. Y. George H. Williams. Amer. your, of Science, Oct., 1887. 

The Norites of the Cortlandt series on the Hudson river near Pcekskill, 
N. Y. George H. Williams. Amer. your, of Science, Feb., 1887. 

On the Serpentine (peridotite) occurring in the Onondaga salt-group 
at Syracuse, N. Y. George H. Williams. Amer. your, of Science., Au^.^ 
1887. 

The chemical structure of the natural silicates. F. W. Clarke. Amer. 
Chefft. your., vol. x, No. 2. 

The genera and species of North American Carboniferous trilobites. 
Anthony W. Vogdes. Author's edition. Ann. N. T. Acad., vol. 4, 1887. 

The geological formation of Long Island, New York; with a descrip- 
tion of its old water courses, yohti Jhyson. 

Precious stones. Extracts from the annual reports of the U. S. Geol. 
Sur. on Mineral Resources of the United States iov 1886 and 1887.^" Also 
from Applet on'' s J^hysical (ieography. By George F. Kunz. 

On gold and silver ornaments from mounds of Florida. Hy George F. 
Kunz. From the American Antiquarian. July, 1887. 

(jold ornaments from the United States of Columbia. Gear ire F. Kunz. 
^American Antiquarian^ Sept., 1887. 
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On a large garnet from New York island. By George F. Kunz, Read 
May 30, 1886, before the New 7'ork Acad, of Sciences. 

Meteorites from Glorieta mountain^ Santa F^ Co., New Mexico. 
George F. Kunz. Ann, N. T. Acad, Sci.y vol. iii, 1885. 

On the new artificial rubies. By George F, Kunz, • Trans, N, T, Acad, 
Set., Oct. 4, 1886. 

On two new meteorites from Carroll county, Ky., and Catorze, Mexico. 
George F, Kunz. Am, Jour. Set., March, 1887. 

The following by Mr. Kunz are from the Am. Jour, Set',, Dec, 1887: 
Waldron Ridge, Tennessee, meteorite; Taney county. Mo., meteorite; 
Chattooga county, Georgia, meteorite; East Tennessee (?), meteorite; 
Powder Mill creek, meteorite; Rhodocrosite from Colorado; Hollow 
quartz from Arizona; A North Carolina diamond; Hydrophane from 
Colorado, and silver nugget from Mexico. 

On the petrographical characters of a dike of diabase in the Boston 
basin. By William //. Ilohbs, 12 pp. One plate. Bulletin of the Mus, 
of Comf, Zool; from the Geol. Ser., vol. ii. 

The Taconic of Georgia and the report on the geology of Vermont, 
By Jules Mar cou\ read May 4, 1887. From the memoirt of the Boston 
Society of Natural History, 

On the use of the name Taconic. Jules Marcou, March, 1887. Proc, 
Bos, Soc, Nat, Hist., vol. xxiii. 

Vol. viii. No 65, of the circulars of Johns Hopkins university contains 
valuable contributions to the Archaean and Tertiary geology of Mary- 
land, and surrounding regions, by Prof, George H. Williams, William B. 
Clark, and Wm. H, //o^A*; Erasmus Haworth has a preliminary notice of 
the Archsan geology of Missouri, and A. C. Gill a like notice of the erup- 
tives of the island of Fernando Noronha. 

The Cosmogony of Genesis, by ProJ, G, F, Wright, Bibliotkeca Sacra, 
April, 1888. 

S, Foreign Publications. 

Contributions to the paleontology of Brazil, comprising descriptions of 
Cretaceous invertebrate fossils, mainly from the provinces of Sergipe, 
Pernambuco, Para and Bahia. By Charles A. White, with a Portuguese 
translation by Orville A. Derby. Extracted from volume vii of the Ar- 
chivos do Mtiseu Nacional do Rio de Janeiro. Quarto, pp. 273, 28 plates. 
Rio Janeiro, 

On Nepheline rocks in Brazil with special reference to the association 
of phonolitc and foyaite. Orville A. Derby, ^uart, Jotir^ Geol. Soc,, 
Aug., iSSy. London. 

Ueber die Altersfolge der vulkanischen Gesteine und der Ablagerungen 
des Braunkohlengebirges in Siebengebirge. Mit zwei Tafeln, Von Dr, 
phil. Gustav Mongold. Aus dem miner alogischen Institut der Universitat 
j888. Kiel, 

Verhandlungen der k. k. zodlogish-botanischen Gesellschaft in Wien. 
Band xxxvii und xxxviii. 1887. 
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The Geological Record for 1879. An account of works on geolog/, min- 
eralogy and palaeontology published during the year; with supplements 
for 1874-1878. W. Whitaker and W. H. Dalton. 418 pp. 1887 London. 

Annalen des k. k. naturhistorischen Hofmuseums redigirts, von Dr. 
Franz. Ritter von Hauer. Sieben Tafeln. Band 11. Nr. 4. 1887. Band 
III. Nr. 1.1888. Wien. 

Memorias de la Sociedad Cientifica "Antonio Alzate," Tomo I. Cuad- 
erno num. 8. Febrero de 1888. Mexico. 

Extrait del*annuairegeologique,Tome 111,1887. Compt-rendu de pub- 
lications relatives k la geologie de I'Asie et de I'Amerique par M. Emm. 
de Margerie 1887. Paris. 

Memorias de la sociedad cientifica "Antonio alzate." Tome i. Cuader- 
no num. 9. Marzo de 1S88. 



CORRESPONDENCE. 



Note on the Cascade Anthracite basin^ Rocky Mountains. Referring to 
the analysis of anthracite from the Canadian Anthracite Go's mine pub- 
lished in your issue for March, and the remarks quoted from Mr. Pugh re- 
specting the coal basin in the Bow river valley, it may be of interest to 
your readers to know that the district in question is described in the an- 
nual reports of the geological survey of Canada for 1884, 1885, and 1S86. 
The coal bearing rocks form an elongated basin or trough in the eastern- 
most great longitudinal valley of the Rocky mountains where crossed by 
the Canadian Pacific railway. This trough has been continn(^usly traced 
by the writer (as shown on map accompanying the report for 1885) from 
the Kananaskis river northwestward to lat. 51° 43' or for about seventy 
miles. Its northern extension has not yet been fully ascertained as it was 
not followed in 1884 beyond the edges of the map sheet. The average 
width of the trough is about two miles, and disregarding minor irregular- 
ities, its structure is that of a synclinal completely overturned to the 
north-eastward so that the beds now dip almost uniformly to the south- 
westward. The south-western edge of the trough is generally and pos- 
sibly throughout its length bounded by an extensive fault, which, it has 
been ascertained by Mr. R. S. McConnell, has at one place (near Caumore) 
a downthrow to the north-eastward of 10,000 feet. The coal bearing rocks 
themselves are of lower Cretaceous age and referable to the Kootanie 
series, with a peculiar and characteristic flora which is described and il- 
lustrated by Sir. \Vm. Dawson in volume iii of the transaction of the 
Royal Society of Canada. The ascertained thickness of the Cretaceous 
rocks here is about 5000 feet, but elsewhere in the mountains the lower 
part of the Kootanie series, beneath the principal coal-bearing horizon, is 
known to have a volume of about 7000 feet. The Cretaceous infold here 
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specially referred to has been named the Cascade Anthracite basin and is 
almost continuously bordered by high mountains composed of Devonian 
and Carboniferous limestones (Intermediate and Banff limestones of Mr. 
McConnell's report). In other long Cretaceous basins which occur in 
the mountains for some distance southward, good coking bituminous 
coals are found, but in the Cascade basin only has the alteration been 
carried so far as to produce anthracite. 

A partial analysis of the Cascade anthracite, which closely agrees with 
that of Prof. Dodge, will be found \n Notes on cottls ufid lignites of ike 
Canadian Northtxcst^ Montreal^ 1884. Several additional analyses appear 
in the reports of the Geological Survey for 1882-84 and 1885. These are 
by Mr. G. C. Hoffmann who has also determined the evaporative power 
as 7852 calorics or 14.62 lbs. of water at 100° C. evaporated by one pound 
of coal. This evaporative power was determined from a specimen some- 
what inferior in quality to the coal now mined. No ultimate analysis of 
the coal has, so far as I know, yet been made. 

In consequence probably of strains subsequent in date to the complete 
mineralization of the coal, portions of the seams have been found in a 
shattered and slickensided state, but the prospects for profitable mining 
on a large scale appear to be in general very favorable. 

George M. Dawson. 

Nomenclature of some Cincinnati group fossils. Letter from Prof. Joseph 
F. James. In the March number of the ^''American Geologisf*^ the list of 
fossils beginning on page 183 contains some errors, probably errors of 
oversight, but which should be corrected. Reference in particular is 
made to numbers 94, 143, 149, 153, 164, 165, 303, though there may be 
others. All of these species are credited to Nicholson, whereas they 
should have been given to Mr. U. P.James. Some of them were, it is 
true, described by Dr. Nicholson, but were by him duly credited to Mr. 
James, who had given them the names under which they are now known. 
It is a little strange that these species should be in this predicament, 
while others named and described under similar conditions are properly 
credited. As examples of these there are numbers 216, 223, 241, 243, 255, 
&c. Mr. Ulrich will, it is presumed, when attention is called to the error 
in his paper, correct it, so that future investigators may not fall into er- 
rors concerning the species that have been mentjened. 

Joseph K. James, M. S. 

Miami University^ Oxford., O., March 77, iSSS. 

Reply of Mr. Ulrich. The species referred to in the above communi- 
cation by numbers 94, 143, 149, 153, 164, 165 and 303 arc respectively, 
Stomatopora frondosa., Aspidopora cidycula., Batostomclla gracilis^ Bythopora 
delicatula^ Lvptotrypa clavacoidea^ L. discoidea and Pleurotomaria ohioensis. 
With regard to the last I will at once concede that the species should be 
credited to Mr. L'. P. James and not to Hall as it appears in the list. 
This is purely a clerical error. Prof. James commits another when he 
states that we have credited the name to Nicholson. The authorities 



334 Correspondence, 

given in the other cases are properly cited and in strict conformity with 
commonly Accepted rules of nomenclature. This will appear from the 
following facts: The first, third and sixth of these specific names appear 
in Mr. U. P. James* Catalogue of the Fossils of the Cinctnuati groups pub- 
lished in 1871. Being unaccompanied by either figures or description, it 
is evident that the species must be considered as unpublished. The rules 
are very clear upon this point — "A species announced in a publication 
but without any description cannot be considered as published. "* In vol. 
ii of the Ohio Pal., Dr. Nicholson both describes and illustrates these 
species, but credits Mr. James with the names. Now, this being the first 
proper publication of the species their date is necessarily the same as 
that of the volume, and, as they are there described by Nicholson and 
not by James, they are established and stand upon the authority of the 
former^ despite the fact that injudicious sentiment on the part of Dr. 
Nicholson led him to credit them to Mr. James. Had the former quoted 
the latter*s descriptions of the species the cases would have been different ; 
— but he did not. Furthermore, we have no absolute certainty that the 
species so named by Dr. Nicholson are identical with those to which Mr. 
James applied the name in 1871, since the latter has not yet published de- 
scriptions of his species. 

In nomenclature, which can only be made uniform by strict adherence 
to established principles, sentiment of the kind mentioned should stand 
aside, since it almost invariably breeds confusion. Viewing the matter 
from another point we can readily imagine cases where an injustice maj 
be perpetrated upon the author of a manuscript name. No responsibility 
rests with him till he has perfected his claim to the name by giving it 
adequate publication. Before he has done so, however, some other author 
may apply his name to a form perhaps quite distinct from the one he in- 
tended to give it to. In this case the name would have to stand upon the 
authority of the second author for the species to which he applied 
it, while the first claimant would not onlv be forced to select a new name 
for his species, but would stand credited with another, the very existence 
of which he may not have suspected before. Again the author of a 
manuscript name might upon subsequent investigation learn that the 
form he intended to describe under it was really not sufficiently distinct 
from previously published species to justify separation. In the mean- 
time, another author, not so well informed, may have published a de- 
scription of the form and given the original author as authority for the 
name. 

We might go on at length but the point seems so obvious that what 
has been said already appears superfluous. 

As regards the fourth name, B. dclicatula^ the complainant must be in 
error. We cannot find that Mr. James ever described this species or 
even proposed the name. 



* Report to A. A. A. S. on Nomenclature in Zoology and Botany, p. 35 
(Dall). 
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The second and fifth names (JL. calycula and claz^acoidea) may apply to 
species which Mr. James has described. On this point, however, we are 
in doubt, since his descriptions are unaccompanied by figures and so 
brief and vague that it is very difficult, if not impossible, to identify his 
species. Mr. James has described a large number of bryozoa in this 
manner, and not only we but others have experienced the same difficulty 
in attempting their identification. Some of these species (the two in 
•question among the number) have been very fully described and illus- 
trated by Dr. Nicholson,* and so, while we do not yet know what Mr. 
James intended to name, we do know what species Dr. Nicholson had 
before him when he drew up his descriptions. Hence it is Dr. Nichol- 
son's species calycula and clavacoidca that are referred to in the list and 
not Mr. James*. 

The other species which are said to have been named and described 
under similar conditions, but properly referred in the list, are: Orthis 
dellulOy O, multisecta^ Zygosptra cincinnatirnsiSy Z, kentuckyeuits and Strep- 
torhynchus nutans. Of these the first three and the last should be credited 
to Mr. Meek for the same reasons as those mentioned in treating of 
Stomatopora frondosa^ Batostomclla gracilis and Leptotrypa discoidea, Mr. 
James neither described nor illustrated the species, while Mr. Meek did 
both. 

In preparing the list, brachiopoda and other classes of fossils, excepting 
the bryozoa, were simply copied from one of the published catalogues of 
the Cincinnati group fossils. In these the references stand as given by 
Meek. As the points here at issue were not at that time in our mind the 
change of authorities was overlooked. The bryozoa, however, were 
taken from our manuscript catalogue, in which the changes had been 
made some time ago. 

Z, kentuckyensis (a very large var. of modesta) is credited to Mr. James 
because it appears to be new and is one of the few forms described by 
him that we can identify .^ There is therefore nothing remarkable in 
referring to him as authority. E. O. Ulrich. 

Newport, Ky., April ij, 1888. 
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Prof. J. S. Newberry, of the School of Mines, Col- 
umbia College, N. Y., receives the Miirchison medal from the 
Geological Society of London — a worthy compliment to one of 
the worthiest of American geologists. 

' The Genus Monticulipora, pp. 165 and 182; 1881. 

* The question, does Mr. James* "The Palaeontologist" fulfill the re- 
quirements of a proper publication? is not at issue here. If it were, I 
should be seriously inclined to answer in the negative. 
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From the report of Robert T. Day, chief of the division 
of mining statistics, U. S. geological survey, we learn that the 
total value of mineral products in this country for 1886 was 
$465,327,888. During the three years 1882, 3 and 4 the pro- 
duction steadily diminished. In 1885 it increased slightly, and 
in 18S6 it exceeded the very large product of 1882 by $9,162,- 
399. The fluctuation is chiefly in the metallic minerals, especi- 
ally iron, the non-metallic minerals, such as coal, being nearly 
constant. The production of the precious metals, gold and 
silver, is much more constant than that of iron, but the value of 
iron ($95,000,000 in 1 886) is greater than that of gold and silver 
combined ($«S6,ooo,ooo). 

Coal exnibits an output still more valuable than iron, viz., 
$154,000,000, about equally divided between bituminous and 
anthracite. Thus we find the non-metallic minerals decidedly 
in the lead. One of them is first of all in aggregate value; their 
production is more constant; and the total value of the non-me- 
tallic minerals exceeds that of the metallic by $34,000,000 not- 
withstanding the incompleteness of the statistics. Under "min- 
eral products unspecified " are lumped together a great number 
of common products of the earth, such as clay and sand, with a 
total estimated value of $6,000,000, which is much too low. If 
complete statistics of these could be obtained the excess in value 
of the non-metallic minerals would be largely increased. 

The first ten minerals in the order of annual value in round 
millions are: 

1 Coal 154 millions Petroleum ^ 20 millions 

2 Iron 95 •• 7 Building stone 19 *• 

3 Silver 51 " 8 Copper 16 •• 

4 Gold 85 •• 9 Lead 12 

5 Lime 21 •• 10 Natural gas 9 *• 

Dr. Reusch ox Meteorites — In a lecture delivered at the 
University of Christiana, Norway, Dr. Hans Reusch gives a 
learned and interesting dissertation on meteorites. In Norway 
they are popularly known as ^^thorelo*\ /. c,^ the "jL^ads of Thor^ 
One is apt to think that if the wadding of the thunder-god is 
so formidable, his solid shot must be portentous indeed. 

Under the head of "phenomena accompanying the fall of 
meteorites," Dr. Reusch describes the descent of the TysnaBs 
meteorite which came down "like a shot bird," about a minute 
after a loud report had been heard in the heavens. No fiery- 
display was witnessed by observers at the spot, apparently be- 
cause it was over their heads; but distant observers saw the 
usual phenomenon of a fire-ball rushing rapidly through the 
air and exploding. 

The most significant observation in the lecture is that the in- 
ternal structure of the Tysnais meteorite, which belongs to the 
stony group having little iron, indicates that it has been broken 
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o pieces and the fragments reunited at least twice before it en- 
tered the earth's atmosphere. It is in fact a conglomerate in 
which the component pebbles are themselves conglomeritic. 

In searching for a cause of this singular structure Dr. Reusch 
cites the probable conclusion, deduced from the periodicity of 
meteoric showers that these bodies travel through the interstel- 
lar spaces in flocks, like the component particles of a comet, and 
with similarly elongated orbits. In perihelion they arc rent in 
fragments and partly melted by the intense heat. The frag- 
ments may be rounded by mutual impact and attrition, then re- 
cemented by the molten matter. The Staelldall meteorite 
shows rounded fragments in a magma of brownish glass. 

The new map of Europe. The list of subscribers to this 
map given on page 252 should have included the University of 
California which was inadvertently omitted. Since then the 
following subscriptions have been made, leaving only thirteen 
copies now available, viz.; J. B. Hastings, Ketchum, Idaho; 
Geological survey of Minnesota, Minneapolis; R. D. Lacoe, 
Pittston, Pa.; University of Wisconsin, Madison, Wis.; Vassar 
College, Poughkeepsie, New York; Mt. Holyoke Seminary, 
South Hadley, Mass.; Colby University, Waterville, Me. 

Later Cretaceous in Iowa. Mr. A. G. Wilson, of 
Hopkinton, Iowa, states in correspondence that at about five 
miles north of Mt. Vernon, in Linn county, Iowa, a fossil, sup- 
posed to be BclcmnitcUa mucronata was found about forty feet 
below the surface, in the drift, and its origin could not have 
been much further west. In vol. i of the final report of the 
Minnesota geological survey, page 599, Mr. Warren Upham 
states that the shales of the Fort Pierre and Fox Hills groups are 
indicated by fossils found /// situ in numerous instances in Yel- 
low Medicine and Lyon coimties; also on p. 584-85 that Bacu- 
lites and Inoccramus are frequently found in the drift in Brown 
county. Mr. J. II. Kloos states (Am, your. Set, (3), iii, 24), 
that Baculitcs has been found in Aobles county, and infers that 
the latest members of the Cretaceous exist in Minnesota. 

Prof. E. Haworth also writes that the fossil plant mentioned 
by Dr. C. A. White, in his article on p. 227, indicating the 
Dakota group of the Cretaceous, was found at Oskaloosa, Iowa, 
about eighty miles nearly due south from the locality of the in- 
vertebrate fossils, and in a boulder lying on the surface. 

Probably the most eastern point in the Northwest at which 
the Cretaceous has been identified, is in the northern part of 
Goodhue county Minnesota, where shales and sandstones of the 
Dakota group are opened up for pottery-ware. Dr. Lesque- 
reux has fully identified the plant remains and refers them to 
the earlier Cretaceous. This locality will be described in the 
forth-coming vol. ii, of the final report of the Minnesota survey. 
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Prof. E. Hull reviews in the Geological Magazine for 
March, the various opinions that have been put forward re- 
garding the effect of continental lands in raising by attraction 
the level of adjacent oceans. Suess and Fischer, basing their 
calculations on Airy's observations of the variation in the 
number of beats of the seconds pendulum, on oceanic islands and 
at coast stations, made the difference of oceanic level betAveen 
California and the Sandwich islands equal to 4520 feet — a re- 
sult scarcely credible. 

The author with the assistance of Prof. G. C. Stokes has 
tried to calculate the effect of the attraction of the continental 
masses on the oceanic waters, and states the following results as 
the elevation above geodetic level: 

For the coast of Mexico 780 tec 

•• Bolivia 2,150 •• 

ChiU 1.582 " 
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In the Quarterly Journal of the London geologi- 
cal SOCIETY for February Dr. Lyddeker discusses at length 
the various genera of Sauropoda founded on separate bones, and 
gives his reason for uniting several of them in the single genus Or^ 
nithopsis^ and concludes, after a few remarks on the Theropoda, 
with a note pointing out the extremely unsatisfactory condition 
of our knowledge of these reptiles, and reflects on the practice 
of setting up new genera for every new bone discovered, or 
"even a fragment of a single bone." **It is the easiest thing in 
the world to apply a new name to any specimen that turns up, 
but when we find one genus founded on a humerus, another on 
a cervical vertebra, a third on a caudal vertebra, and a fourth 
on the cast of a sacrum, the evil results of such a system are 
self-apparent." " It would be advantageous if we were begin- 
ning dc novo to take one particular part of the skeleton and say 
that on the evidence of that part alone generic terms should be 
made, but such a rule would be of little use now." Still it is a 
necessary evil, incident to our imperfect knowledge, that the 
femur of an animal bears one name and the humerus another, 
while in some cases possibly several bones from the same 
skeleton are figuring before the palaeontologist as real beings. 
In days to come it will be picturesque to see the whole skeleton 
restored, each bone bearing a separate specific and possibly 
generic designation. 

On nearly the same lines Prof. H. G. Seeley describes from 
a part of a vertebra a species which he has named Thecospon- 
dyltis (/azw'csi and on this small foundation attempts to build 
up the vertebra and then the animal with "an elongated head 
and long slender jaws and neck ""so that the measurement from 
the tip of the snout to the extremity of the tail may have been 
under ten feet; of active habits, with long limbs and specialized 
extremities." 
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SOME AMERICAN NORYTES AND GABBROS. 



Geohgiced notes from the laboratory oj Denison University, 

1. 
BY C. L. IIERRICK, K. S. CLARKE, AND J. L. DEMING. 

The material for this paper was gathered in various parts of 
the United States and Canada, the species selected for descrip- 
tion being chosen for their supposed bearing on the genesis of 
this family. The norytes and gabbros constitute a very inter- 
esting group which may be regarded as forming a link between 
the diabases and basalts on one hand and the diorytes and other 
paragenous eruptives on the other. 

The view held by the senior writer that older eruptives are 
to be classed in one or other of two groups, depending on the 
method of origin, has already been foreshadowed in a paper in 
the second volume of the bulletins of Denison Universitv. All 
the older eruptives which are apparently independent, so far 
as composition is concerned, of the influence of the interpene- 
trated rocks arc termed Autogenous eruptives. Illustrations 
are afforded by ordinary diabases and basic gabbros and norytes. 
The remainder of what are commonly known as basic eruptives, 
which show in their composition the obvious effect of the 
country rock, are termed paragenous eruptives. And, how- 
ever much the texture may vary in each of these, it is claimed 
that they constitute rather sharply and naturally distinguished 
assemblages. The paragenous species may assimilate closely 
to the wall rock or may resemble very nearly the parent auto- 
genous species. The diorytes are of this nature, at least in 
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most cases. Such rocks would be expected to resemble ordi- 
nary metamorphic sedimentaries in the inclusions. 

Garnet and the various metamorphic accessories then would 
be quite at home in the paragenous but foreign to the autogen- 
ous eruptives. Illustrations of these distinctions can be found 
in any highly metamorphic region, and while it may be easy to 
find instances where diory tcs form apparently autogenous dykes, 
yet it is claimed that they may generally be traced to some re- 
lation with dykes of the first order and owe their origin to 
secondary fusion and perhaps also to a commingling of true 
igneous matter with such products of fusion as can be traced to 
the adjacent wall-rock. If this view be correct, the group at 
present under consideration may be regarded as standing on the 
bound arv between the two classes. The resemblance between 
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certain norytcs, especially the olivine-bearing variety and dia- 
base, is so close as to bafille discrimination in the field. In like 
manner we shall be able to establish a close connection between 
gabbro and diabase in the Duluth locality. The present pur- 
pose is merely to call attention to three distinct phases of this 
group with some remarks upon the relations sustained by them 
to adjacent rocks. 

I. (1146) Olivine norytc^ near Marshall, N. C. (sp. gr. 
2.99.) This rock occurs about six miles northeast of Marshall 
in the form of a dyke of variable width, penetrating the gneisses 
.and micaceous schists, and forming the axis of a considerable 
-area of mctamorphism. The walls of the dyke are formed, in 
many places at least, by a zone of dioryte to be described fur- 
ther on. To the presence of this, or a related dyke, is probably 
to be ascribed the segregation of ore in the iron mines in this 
locality. The typical phase of this noryte, as seen in the out- 
crops at Bull creek, is a very coarsely crj'stalline purplish-black 
rock with well-defined black crystals of an orthorhombic min- 
eral. The feldspar is in elongated narrow twins, while irregu- 
lar, greenish, glassy masses of olivine can be distinguished here 
and there. The feldspar is very dark, evidently from a suffu- 
sion of the coloring matter of the bronzite. The only other 
ingredient which can be distinguished in the hand sample is 
magnetite, to which the high specific gravity may be largely 
attributed. 
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The relative proportion by bulk of the ingredients as esti- 
mated from measurements of the microscopic section is as follows: 
olivine, 17.36 per cent., bronzite, 20.S7 per cent., magnetite, 6 
per cent., biotite, 2.8 per cent., labradorite, 47 per cent., chlorite, 
2.4 per cent., apatite, etc., 3.57 per cent. These of course are 
empirical and derived from few measurements. The section 
affords beautiful twins of plagioclase with brilliant polarization 
and a tendency to coalesce into aggregates with the axes at right 
angles. The angles noted on either side the twinning plane 
were 14°— 16°; 12°— 14°; 12°— 15"*; i5°_i6°; indicating lab- 
radorite. On pulverizing the rock and separating by use of 
sonstadts solution, the feldspar gave a specific gravity of 2.77, 
the slightly excessive weight being apparently due to the suf- 
fusing coloring mattter so characteristic of the feldspars of this 
rock. The pyroxene is very dark brown and affords the well 
•developed cleavage lines parallel to i. In cross section the pe- 
culiar cleavage parrallel to / — / is seen as very fine, closely ar- 
ranged lines with inclusions of a black mineral. To this cleav- 
age the extinction is perpendicular, showing the species to be 
orthorhombic, with the characters of bronzite. It is not rare to 
find twins or aggregated crystals with / — ? as the twinning 
plane. A thin lamina may be interpolated in an otherwise per- 
fect crystal with no obvious rotation of the interpenetrating 
member. The bronzite is cut by both feldspar and olivine. 
This latter ingredient is in rather large corroded crystals, evi- 
dently at one time of perfect form I, / — ?, / — r, O, and was 
the first of the essential minerals to form. Its sections are every- 
where broken by irregular fracture lines which are followed 
l)y inroads of the superficial decomposition, and the outer por- 
tion is frequently altered to a reddish aggregate, but is also us- 
ually enclosed by a considerable zone of bright green chlorite 
with vivid blue polarization colors. The magnetite is found 
both in regular crystals and in corroded irregular masses. The 
magnetite is generally bordered by a zone of reddish matter 
stained with haematite and frequently is accompanied by scales of 
biotite. The chief remaining accessory is apatite in moderate 
abundance. The rock is thus fully described because of the 
doubt cast upon the specific integrity of noryte by many writers, 
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and Rosenbusch's statement that it has been found only in the 
northern regions of America. 

2. The adjacent paragenous rocks are hardly less interesting^ 
than the noryte. They consist of accessory dykes and flows of 
dark forfhyritic dioryte^ very dense and hard. The section 
displays much segregated biotite and hornblende with iron 
oxides. The feldspars arc oligoclase and orthoclase with pre- 
vailing Carlsbad and occasionally Baveno twins. The feldspars> 
and quartz are full of liquid and other inclusions. The most 
important solid inclusions are garnets in large, richly-colored 
specimens as well as in very small perfect isotropous crystals.. 
Apatite is likewise abundant. The structure of the diorytes- 
can be easily explained by reference to the schists which make 
the country rock at this place. These schists abound in corun- 
dum minerals and the silicates, and there are local masses o£ 
rutile, but a chemical examination of the magnetite of our 
noryte failed to reveal any titanium. The magnetite in the 
diorytes is in the form of aggregates occupying elongated or 
dendritic cavities among the hornblende and mica. Haematite 
is abundant as an alteration product. 

3. The Duluth gabbros. This is a peculiarly interesting- 
series and has already been the topic of considerable discussion.. 
It is probable that the vexed question of the relations of the 
rocks associated at Duluth could be solved by a sufficiently ex- 
tended study in the field and the laboratory. Meanwhile, a few 
suggestions arc offered. 

The rock which may, perhaps, be regarded as typical of the 
primary overflow, is seen at the north east of the city, where it 
is now extensively quarried. It is an intensely black rock with 
a specific gravity of 2.77, containing long bladed feldspar and 
regular but corroded augite. The deep color is largely due to 
the suffusion of iron oxide, the magnetite being badly corroded 
and affording htematitc by alteration. Technically this species^ 
is diabase, but it is closely related with the gabbros and posses- 
ses certain peculiarities which may explain the relation. The 
structure of the feldspar is peculiarly instructive upon this point. 
Many of the plagioclases are zonary, and, though a hasty ex- 
amination might read them oligoclase, greater care will generally 
show that the central zone is of a higher basidity than the outer^ 
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Indeed, it not unfrequcntly happens that the central portion re- 
tains its original character with multiple twins and a ratio of 
c to JC agreeing with labradoritc (in one case 25° — 26° ) while 
the outer zone is monoclinic, with characters of orthoclase. 
These zones are commonly separated by an irregular band of 
alteration, which is granular, greenish-white and isotropous. 
All stages between crystals in which the basidity of the zones is 
nearly the same and those described can be traced. The only 
•other characteristic of moment is the enormous development of 
apatite, (see fig. 8). (Irving remarks upon its absence in this 
series). The most obvious explanation of these structural pe- 
•culiarities is that the rock was primarily a true diabase with 
labradorite as its feldspar, but that the process of decomposition 
has been inaugurated by a leeching out of the calcium and sodi- 
um and its replacement about the periphery by potassium. 
The source of the p>otassium might be sought in meteoric water 
from kaolinizing adjacent acid rocks. But we shall have oc- 
casion below to assume for some of the adjacent orthoclase gab- 
bro a mixture of acid and basic rock on a large scale in order to 
-explain the origin of the orthoclase. 

The ordinary gabbro of Duluth is already known from many 
•descriptions. It is found exposed along the principal street and 
is used extensively for monuments, etc. The labradorite is in 
beautiful large crystals, the pyroxene is green diallage in small 
amount, magnetite and apatite making up the section. Its spe- 
cific gravity is 2.9. To the westward rise parallel ridges ex- 
tending north and south and these are composed of different 
phases of the same series. Upon the first low range appears 
the red fine-grained variety next to be described, which abuts 
upon the gabbro by a tortuous but rather distinct line of contact. 
This has been called orthoclase gabbro but its relation to the 
typical species has not been explained. The hand sample re- 
sembles a close-grained hornblendic granite or syenite, but 
obviously differs in the slender rod-like form of its feldspar. 
The section shows all the ingredients to be altered. The alter- 
ation is of the character which can best be explained as the 
result of intense heat, and resembles that induced in a granite 
which has been broken up and its fragments encased in a basic 
eruptive. There is a well-defined pseudo-porphyritic structure. 
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The magma consists of reddish or whitish amorphous matefial 
masking feldspar crystals of the first order. The diallage is 
equally altered but retains its green color and optical properties. 
The greater number of porphyritic crystals arc less obviously 
altered and preserve their outlines. Most of them are oligo- 
clase or orthoclase. The primary feldspar is often obviously 
of a higher basidity. Secondary quartz is also present. The 
most natural way to account for the peculiarities of this rock, 
which occurs also on the ranges further west, would be to re- 
gard it as paragenous and formed below the surface by inter- 
action of the gabbro or diabase flows on an acid country rock, 
in the process of which the crystallizing autogenous material 
became more or less mingled with secondary fused matter from 
the walls. This process would then be quite analogous to that 
involved in the formation of the porphyritic felsytes and para- 
genous diorytes of the north shore and elsewhere. The fact 
that the feldspars of the first order are more basic favors this 
view. Microscopic examination of the contact between the 
true gabbro and the red orthoclase-bearing variety seems to 
substantiate this theory also. The plagioclase on the gabbro 
side becomes less basic from diffusion from the contact, while 
those of the other side react as monoclinic and are iron-stained 
and greatly altered, yet even these often exhibit traces of prer- 
viously existing multiple twins. We are driven to the conclu- 
sion that the red rocks are the product of mingled autogenous 
gabbro with secondary acid material from the walls, and the 
interaction of the two under pressure and long continued high 
temperature. The presence of potassium and sodium salts 
would explain the development of secondary quartz and the 
paragenesis of the feldspars. 

We have space to mention but one other member of this 
group. The gar^ietiferous gabbro from Granite Falls, Minn. 
This is selected as still further illustrating the paragenous ten- 
dency of gabbro. This is typical gabbro in its essentials, the 
greater j^art of the section consisting of a rather low-angled 
labradorite and abundant diallage of an intense green color. 
But the specimen is remarkable for large grouped garnets and 
free quartz, together with a very small amount of hornblende 
as alteration product of the diallage. The quartz and garnet 
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are #ull of inclusions and the latter is nearly always associated 
with magnetite in corroded grains. The plagioclase and dial- 
lage are so fresh that it is believed that these accessories can 
not be the product of internal decomposition. The almost com- 
plete limitation of garnet to metamorphics is additional reason 
for the inference. The present writers, unfortunately, have 
had no opportunity to personally examine this locality, hence 
can bring to bear no topographical evidence. An examination 
of a number of so-called quartz-diabases and garnetiferous dia- 
bases has shown them all to be diorytes, or easily explained as 
a mechanical mixture due to the explosive dis- member men t of 
a granite when embraced in a dyke-mass. Instances of this 
sort are very well seen in Michipicoten bay where a diabase 
dyke not infrequently contains in itself scattered fragments of 
the adjacent granite, the fragments being of all sizes and ex- 
hibiting in a beautiful way the contact phenomena where heat 
out of the presence of vapor is the sole agent. A specimen 
now before us might easily be called a quartziferous diabase 
had we not traced its relations as indicated beyond perad venture. 
The naming of such a chapter of accidents tends we think to 
confuse and retard our progress toward a classification which 
shall be natural in the sense of expressing the relationships and 
development of the rocks.' 

Since writing the above the valuable paper by M. E. Wads- 
worth entitled Preliminary Description of the Peridotytcs^Gab- 

* Irving (Copper-bearing rocks of lake Superior) states that *'lhe distinc- 
tion between diallage and augite is a valueless one, since not only are 
both often found in the same section but every gradation is found in 
rocks of this class from augite to diallaj^e. " 

To this it may be replied that while it is doubtless true that such tran- 
sitions occur, that fact does not obliterate the value of discriminations 
based on two minerals so distinct when typical, or of varieties of rock so 
unlike in appearance and occurrence as diabase and gabbro. It might be 
urged with equal truth, because augite and hornblende pass into each 
other by alteration and lx>lh occur in the same rock, that diabases and 
diorytes should not be distinguished. It is customary to divide the rocks 
of the lake Superior region into original and detrital. The term "origi- 
nal" seems misleading, for it is certain that a large part of the basic and 
acid eruptives are paragenous in the sense defined above and are quite 
distinct from the autogenous members, which alone deserve to be called 
original, though both are undoubtedly eruptive in origin. 
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bros^ Diabases and Andesytes of Minnesota^ has come into our 
hands. Inasmuch as this work touches suKstantially the same 
ground as that covered by our notes a few words may be necessary 
in further explanation. We differ most radically in the theory 
proposed to explain the origin of diorytes. Believing as we do 
that Dr. Wadsworth has laid lithological students under great 
obligation by calling attention to the genetic relations of various 
species and attempting to base a classification on the actual re- 
lationships of the species, we dissent from many of his conclu- 
sions and think his own work abundantly demonstrates that we 
can ill afford at present, to neglect for a nomenclature which 
can only express individual interpretations of endogene modifi- 
cations, the accurate and highly useful mineralogical system of 
Rosenbusch, which seemed at one time likely to give us a uni- 
form cosmopolitan terminology. 

We believe field-work will bear us out in suggesting that the 
reaction between diabases and acid country rock is alone com- 
petent to explain the origin of most diorytes. The decomposi- 
tion of diabases in no case so far reported produces a true diory te. 
Further, it seems probable that the reaction was cotemporaneous 
rather than subsequent. This radical difference is really less 
important as affecting the classification of Wadsworth than it 
would at first seem. We would write, for example. 

) HomWendic schist. ( ^*°0'^^' 

SNor^te > mica dioryte 

Mica schist. \ Cgarnetiferous), 

S Diabase ) mica dioryte 

Chloritic quartz schist. \ (calciferous), 

It seems strange that in studying the series of gabbros from 

• 

Minnesota Dr. Wadsworth should have failed to notice the par- 
agenesis of plagioclase. He mentions, indeed, its "replacement by 
ferric oxide, viridite, micaceous minerals, magnetite, orthoclasCy 
quartz, epidote, etc.," but seems to consider it of no greater im- 
portance than a stage in decomposition. A careful study of 
contact phenomena between quartz-porphyry and diabase por- 
phyry te and olivine diabase at Michipicoten island, confirms 
the belief that the change from anorthite or labradorite to 
orthoclase is a constant symptom of interaction of the kind indi- 
cated above. 
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DESCRIPTION OF PLATE. 

Figs. 1-4. Zonary feldspars from black diabase north east of Duluth. 
Outer zone orthoclase or oligoclasef inner zone labradorite, with amor- 
phous zone between. 

Fig. 5. Section from noryte near Marshall, N. C; ^, bronzite showing 
both cleavage systems. The fine lines are parallel i-l, in which zone lies 
the interpenetrating lamella; o, olivine; /*, labradorite feldspar. 

Fig. 6. Portion of the same section showing occurrence ol biotite (m) 
about the magnetite; o, olivine; a^ apatite; cA^ chlorite; /, pUgioclase. 

Fig. 7. Portion of same section illustrating the occurrence of the 
magnetite; w, biotite mica; /, plagioclase. Granular decomposition pro- 
duct filling interstices. 

Fig. 8. Portion of section from diabase of Duluth; a, augite;<^, apa- 
tite ; /j feldspar. 

Fig. 9. Crystals of garnet (.**) from dioryte adjacent to noryte of figs. 

5-7- 

Fig. 10. Feldspar paragenesis in so-called orthoclase -gabbro of Du- 
luth ; (f, diallage. 
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The following concise statements of the elements of the ques- 
tion concerning the Taconic, may prove helpful to the young 
student who lacks time or opportunity for consultation of the 
original documents. The writer undertook the investigation 
with complete freedom from bias, save that his patriotism was 
predetermined to claim for American geology all that belongs 
to it. The research is not continued into the later history of Dr. 
Emmons' work in this field, because the validity of the name 
must rest on facts connected with the period of its first proposal. 
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* 

I. Original proposals of the founder of the 

Taconic system. 

1. Date of first definition. The term Taconic system was 
first employed by Dr. Ebenczcr Emmons, in the final report 
on the geology of the second district of New York, the preface 
to which is dated January i, 1842.* 

The conception of the system existed in his mind, as he tells 
us, long before. "When, in 1836, I determined that in New 
York, the Potsdam sandstone was the base of the Silurian system, 
it seemed that we had at that time, the base of the sediments; 
but when two years subsequently I had observed the same base 
resting on sediments still older — as those along the eastern side 
of Champlain and elsewhere — it became evident that there was 
still a series older than the Silyrian. The proof of this has 
been accumulating ever since; and the Taconic system is found 
to rest upon primary rocks without an exception; and it has 
now been observed through the whole length of the states, from 
northeast to southwest. It is worthy of note, that through this 
whole extent, the base is continuous."* 

2. Stratigraphical position, "A group or system of rocks 
which belong evidently to a position between the primary of 
the Atlantic ranjjes of mountains and the New York system.'* 
That is, between the crvstalline schists and the Potsdam sand- 
stone. This was a first formative conception of the stratigra- 
phic limits of the system. It would be anticipated that the pre- 
cise limits would be fixed by subsequent observations. For in- 
stance, the rocks naturallv referable to the svstem mi^rht not 
always rest on the crystalline schists; and on the other hand, the 
upper limit might not finally be fixed at the base of the Pots- 
dam sandstone. 

3. Geographic position and distribution. The typical rocks 
"lie along both sides of the Taconic range of mountains, whose 
direction is nearly north and south, or for a great distance par- 
allel with the boundary line between the states of New York, 
Connecticut, Massachusetts and Vermont. The counties [in 



* Constituting chapters VII. VIII, and IX. 

'-* American Geology, pt. II., The Taconic System. [Albany, 1855,] 
pp. 5 and 6. 
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New York J through which the Taconic rocks pass are West- 
chester, Columbia, Rensselaer and Washington; and, after pass- 
ing out of the state, they are found stretching through the whole 
length of Vermont, and into Canada, as far north as Quebec. 
It is however, in Massachusetts, in the county of Berkshire, that 
we find the most satisfactory exhibition of the rocks. They 
form a belt whose width is not far from fifteen miles, along the 
whole western border, and which extends clearly to the western 
base of the Taconic range. The greatest breadth therefore, as 
will be seen, by an inspection of any map of this section of 
country, is wider upon the eastern than upon the western side 
of this range. In Vermont, they range along the upper mem- 
bers of the Champlain group, and thus become connected with 
the Second District." [p. 136]. 

The "Black slate" "extends as far as St. Albans in Ver- 
mont." The " Taconic slate, with its subordinate beds, occupies 
almost the whole of Columbia, Rensselaer and Washington 
counties." The Sparry limestone passes through Ancram, 
Hillsdale, New Lebanon, Canaan, Berlin, Petersburgh, Hoosic, 
White Creek, the west part of Arlington, [Vt], and onwards 
in the same range north, through the eastern townships of 
Canada East. " ^ The magnesian slate forms the highest moun- 
tains in the Taconic range, which "extends along the western 
border of Massachusetts and through Vermont." 

In 1846, the occurrence of Taconic rocks was announced in 
Rhode Island, Maine and Michigan."' 

In 1855, Dr. Emmons announced that the Taconic system of 
rocks had "been observed through the whole length of the 
states from northeast to southwest « * « Xhe most 
northeasterly point at which I have observed this system is at 
the Fox islands, off the coast of Maine, but I have good reason 
to suspect its existence in Newfoundland. If so, it ranks among 
the most persistent geological formations of the country. " ^ 

It is not necessary to follow Dr. Emmons' later identification 
of the Taconic in North Carolina and other resrions.* 

* Agricultural Rep., 74. 

2 Report on Agriculture, pp. 90 — loi. 
' American Geology, pt. II, pp. 5 and 6. 

* Geological Report of the Midland counties of North Carolina, Raleigh , 
1856, 8vo. 
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4. Constitution, In the first enunciation of the system, Dr. 
Emmons was not fully persuaded of the order of superposition 
of the strata embraced in the Taconic belt. Leaving that deter- 
mination to the future, he described them in geographical order 
from the west. As the general dip was easterly, this order 
would be ascending, unless the whole system had been subjected 
to an overturn. The order was as follows: 

Taconic slate, sparry limestone, magnesian slate, Stockbridge 
limestone, granular quartz. 

In the first volume on the Agriculture of New York, the 
preface to which is dated December 30, 1846, Dr. Emmons de- 
scribes the members of the Taconic system in the following 
order: 

Black slate, with two species of trilobites. Not here certainly re- 
garded as belonging to the Taconic. 

Taconic slate with its subordinate beds, with various markings re- 
ferred to Nereites. Cited from Brunswick, Rensselaer county. 

Sparry limestone. 

Magnesian slate. (Talcose slates of 1856.) 

Stockbridge limestone. 

Brown sandstone or granular quartz. 

5. Palceontologic characters. In the original characteriza- 
tion of the system, it was supposed to be destitute of fossils. 
This was made one of the points of distinction from the rocks 
of the Champlain Division. In the agricultural report, how- 
ever, the author, besides describing and figuring two genera of 
trilobites — At ops trilineatus and JBlliftoccphala asaphoides 
(now known as Conoccphalus and Olenellus) — from the Black 
slate, described and figured eleven species of Nereites and two 
fucoids; also one crushed tube supposed to be that of an annelid. 
Subsequently, many more species have been discovered in the 
rocks embraced by Dr. Emmons in the Taconic system. 

6. Original grounds of the Taconic system, ( i ). Litho- 
logical: Compared with the palaeozoic rocks, they are not the 
same, nor the same in a metamorphic state. Nor do the differ- 
ent lithological divisions occur in the same order as the divisions 
of the Champlain group from which they might seem to be 
derived by alteration. Further, they are distinguished by the 
presence of hajmatitic masses, while the iron of the Silurian is 
argillaceous or oolitic. The black oxide of manganese is another 
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distinction. As expressed in the agricultural report, "The 
members of the Taconic system have a different arrangement. 
The sandstones, limestones and slates are not only different in 
their relative position but they are much thicker than those with 
which they have deen supposed to be identical in the New York 
system." * 

Compared with the primary rocks they are less crystalline^ 
and in constitution, the rocks themselves differ, and also inclose 
a different range of accessory minerals. Actinolite, epidote^ 
titanic and auriferous sulphuret of iron and graphite are confined 
to the primary. Further, the minerals of the Primary have a 
uniform connection with the rock masses; they are contempo- 
raneous with them. There are rarely any cavities around them ; 
but they are closely invested on all sides by the materials of 
which the rock is composed. On the contrary, in aqueous rocks, 
minerals occur in pre-existing cavities, and they are usually 
composed of substances more or less soluble under one or more 
conditions." 

(2). Stratigraphic unconformities: These appear not to 
have been distinctly brought out before 1846. In the agricul- 
tural report, page 56, three sections are delineated, in which 
the Calcif erous sandstone is shown to overlie the Taconic strata 
unconformably. In plate XVIII, six sections are given in de- 
tail, showing the unconformable relations of the Taconic and 
New York systems. The details of the report point out 
marked unconformities with the underlying Primary masses.* 

(3). PaliEontologic unconformity: In the first enunciation, 
the Taconic beds were supposed differentiated from the New 
York system by their complete destitution of organic remains. 
At the date of the agricultural report, Dr. Emmons' view on 
this point was embodied in the following conclusion: "The 
Nereites and other fossils of the Taconic slates are unknown in 
any of the members of the Champlain group; the mollusca of 
the New York system are also wanting." * 

In subsequent publications, the author of the Taconic system 

* Report on Agriculture, p. 168. 

* Report on the Second District, pp. 138-141. 

* See, for instance, p. iii. 

* Agricultural Report, p. 108. 
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embodied the results of later studies both by himself and others, 
and the stratigraphic and palajontologic grounds of the system 
were much more fully, accurately and effectively stated. But 
it is only necessary in this examination to learn distinctly what 
was the founder's view in the institution of his system. 

7. Central conception of the founder of the Taconic system. 
From a study of the oldest documents treating of the Taconic 
system, it is not difficult to discover their essential purport. 
The central conception of Dr. Emmons was a system of sedi- 
mentary fossiliferous rocks underneath the Champlain group. 
To be a system it must possess distinct stratigraphic limitations 
both above and below, and must contain the records of a system 
of life unlike that of the overlying system. Quite possibly, the 
original propounder had not attained exact views in reference 
to the true limitations of his systems either above or below. 
He entertained the opinion that the Potsdam sandstone was not 
embraced in the Taconic; in that he may easily have been 
mistaken. lie seems to have entertained the conviction that his 
system extended downward to the crystalline schists, and held 
what he termed "the absolute sedimentary base;" in this he 
may ulso have been mistaken. The upper and lower limits 
concern, however, only the border land of a great conception 
which with him was entirely original — a vast downward exten- 
sion, below the base of the New York system, of the records 
of marine sedimentation and of life. 

II. Is THERE A REAL SUB-SlLURlAN SYSTEM? 

1. That the Potsdam sandstone, the base of the New York 
system, does not mark the lowest limit of the record of life, is 
now a fact so notorious as to constitute one of the elementary 
truths of the science. 

2. An extensive fauna of sub-Silurian life has been brought 
to liffht within the verv area over which Dr. Emmons extended 
his system. Many of these forms have been discovered in the 
very strata embraced in the enumeration of the Taconic forma- 
tion. Most of them have been signalized from strata lying on 
the eastern side of lake Champlain, and northward toward 
Quebec — the S wanton slates, the Phillipsburg group, the 
Georgia slates and the St. Albans group — called collectively 
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the Georgia group, by Walcott. On the west side of the state 
boundary, at Bald mountain, in Washington county, and near 
Saratoga, occur fossils belonging to sub- Silurian types, and 
therefore Taconic; but the latter are found in the upper por- 
tion of the Potsdam group, and hence carry that group into the 
Taconic, in spite of Dr. Emmons' early opinions. It may be 
added that fossils of the same significance have been found also 
by Marcou, at Keeseville in New York ; and if the red san^- 
rock of Vermont is in continuity with the granular quartz, 
which, according to Walcott, contains primordial fossils, the 
place of the Potsdam is fixed in the Taconic. 

The discovery of sub- Silurian remains in Massachusetts, New 
Brunswick, Newfoundland, Nevada, Colorado, Mount Stephens, 
Northwest Territory [recently, by Dr. Rominger], and other 
regions in America, require no more than the mention. 

I quote a single passage from Mr. C. D. Walcott, in one of 
those careful and elaborate memoirs which have so enriched the 
literature of American geology: "Of the presence of a well- 
defined geologic system beneath the strata characterized by the 
second fauna of Barrande, or the Trenton fauna [including the 
Chazy and most of the Calciferous] of North America, on the 
North American continent, there is no question. The geologic 
sections given in this paper show it to have a total thickness of 
over 18,000 feet." * 

It will give a clearer conception of the justness of this verdict 
of Mr. Walcott to reproduce some of the results embodied in 
his last and very important memoir,* a continuation of which 
is promised. He gives us a colored map of the original Taconic 
region through Vermont, Massachusetts and New York. The 
so-called Georgia group, which is sub-Potsdam, is represented 
by three colors. These collectively form a band beginning at 
the northern boundary of Vermont, and extending without a 
break, through western Massachusetts to Columbia county. 
New York, where information seems to be wanting. But be- 

> Bull. U. S. Geol. Surv. No. 30* ?• 11; also Am. Jour. Sci. (3), xxxiii, 
139, Aug., 1886. 

' Am. Jour. Sci., (3), xxxv, pp. 229-242 and pp. 307-327, with a colored 
map and a section. To be followed by a memoir on Washington county, 
N. Y. 
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yond this it is known with interruptions as far as Litchfield and 
New Haven counties, Conn., and Dutchess county. New York.- 
From the Canadian border to Columbia county these rocks 
cover a breadth of eight to twenty miles. Mr. Walcott states 
that he knov/s the occurrence of fossils at over one hundred 
localities within the area of the Georgia terrane. All these 
rocks and all these fossils are older than the Potsdam. They 
lie within the area of the original Taconic, and the fossils are 
all types of the first fauna of Barrande. I consider these results 
conclusive of the right of the Taconic system to full recognition. 
A sub-Silurian is therefore well established at the present 
day. This is precisely what Dr. Emmons contemplated and 
anticipated. 

III. Was Dr. Emmons anticipated by other 

INVESTIGATORS ? 

1. Limits of the Silurian, In 1839, ^^^ ^' ^' Murchison 
published his " Silurian System," in which he gave an exposi- 
tion of a system of fossiliferous rocks underlying what is noAv 
known as the Devonian system. The name Silurian had been 
employed by him since 1835. ^^ ^^'^^ intended to embrace all 
the known fossiliferous rocks below the Devonian, but at that 
time little was known of remains below the horizon of the 
Caradoc. In 1S34 Murchison had recognized the extension of 
the sedimentary scries as far down as the " unf ossiliferous gray- 
wacke of the Longmvnd."* In his Silurian Svstem, and in 
Siluria [1854] the I^ongmynd and Llanberis rocks are excluded 
from the scope of the Sihirian system, because destitute of fos- 
sils, so far as known in Great Britain. The Longmynd were 
characterized as "bottom rocks." But even in 1S44 two species 
of Oldhamia had been described from beds in Ireland equiva- 
lent to the Longmynd of Shropshire and South Wales. The 
Silurian therefore, terminated downward in the midst of the 
fossiliferous column. 

2. Position a fid rights of Cambria?!. In 1836, the name 
Cambrian was bestowed by professor Sedgwick on a series of 
strata occuring in North Wales, believed to occupy a position 



* Proc. Gcol. Soc. London, II, 11, Jan., 1S34. 
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inferior to that of the series designated as Silurian by Murchison. 
But it subsequently appeared that the upper portion of them 
was the equivalent of strata in the continguous county of 
Shropshire, which Murchison had already annexed to his Silur- 
ian, under the designation of Lower Silurian — assuming that 
one systemic designation could properly include a pal aeon tologic 
and stratigraphic break as abrupt as that between the "Upper" 
and " Lower " Silurian. The Cambrian of Sedgwick extended 
from the top of the Bala rocks to the bottom of the Llanberis. 
Their position was below the Silurian of Murchison as first con- 
ceived by himself, but was embraced in what may be called the 
Silurian annex. 

3. Strati graphical relations of the Cambrian, Meanwhile, 
M. J. Barrande was at work on the geology of Bohemia. In 
1 85 1, appeared his publications in the Bulletin de la Societe ge- 
ologique de France^ and in 1852, the first volume of his Systeme 
silurien de la Boheme, In these was introduced his classifica- 
tion of older rocks into stages denoted by the letter A, B, C, 
etc., and the more important recognition of certain great palae- 
ontologic breaks, separating a succession of distinct systemic 

faunas, thus: 

E to H. Third fauna, 900 feet. 

D. Second fauna, 6,000 feet. 
C. Primordial fauna, 1,200 feet. 
A and B. Azoic schists, 9.0C0 feet. 

When the same strict principles of palaeontologic classification 
came subsequently to be applied to the oldest rocks of Great 
Britain and America, the following conclusions were apparent: 

(i). The true primordial fauna had not been embraced in 
the proposals of either Murchison or Sedgwick. The rocks 
containing this fauna in Bohemia extend "on an average, ten 
thousand two hundred feet" below any fossiliferous strata then 
known to Murchison or Sedgwick. Barrande embraced this 
entire extension under the name " Silurian," because he had 
then ( 1852) no knowledge of what had been done and proposed 
by Sedgwick in 1836, or by Emmons in 1842. 

(2). The "sedimentary base" of the Taconic system signal- 
ized by Emmons in 1842, and synchronized with his "palaeozoic 
base," fixed in 1844, did reach down to the primordial fauna of 
Barrande, and included it. So that Emmons was guided by a 
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true insight in i860, when he wrote: "The upper part of the 
Taconic is equivalent to Barrande's primordial group."* The 
Cambrian, therefore, laid no claim to the chief ground covered 
by the Taconic. 

4. Strati graphical relations of the Huronian of Logan, The 
Huronian system was proposed by Sir W. E. Logan, in 1855, 
for some Canadian strata located north of lake Huron, and sup- 
posed to extend from the base of the Potsdam sandstone down- 
ward to the crystalline schists. His conception was therefore 
identical with that of Dr. Emmons in proposing the Taconic 
system. In the case of the Taconic, strata containing primor- 
dial fossils older than the Potsdam have been found within the 
geographical limits originally assigned to the system. In the 
typical reg^ion of the Huronian, no fossiliferous strata have as 
yet been discovered, and it remains to show what part of the 
Taconic they correspond to. In saying this, I employ Taconic 
as originally conceived by Emmons — a great system extending 
down to the crystalline schists. It may be said, however, as the 
Huronian strata are now known to rest unconformably on lower 
strata which overlie the crystalline schists,' so, undoubtedly, 
adequate knowledge of the base of the Taconic, will show the 
inadmissibility of its claim to extend down to the crystalline 
schists. At its base, the Huronian stands, therefore, at the pres- 
ent time, precisely in the position of the Taconic, and is super- 
seded by it. Above, it remains to determine whether the tj'pical 
Huronian reaches up into the zone of the primordial fauna, 
which, as stated, the Taconic includes. In the basin of lake 
Superior, the so-called Kewenian series intervenes between 
schists identified with the Huronian and strata believed to belong 
to the age of the Potsdam sandstone. These hold, therefore, 
the stratigraphical position of the St. Albans, Phillipsburg and 
Swanton groups, with their primordial fauna. As beds having 
an igneous history, they may sustain some such relations to pri- 
mordial life as the porphyry of Bohemia, whose eruption ter- 
minated the existence of the primordial fauna, before it had 



* Letter to M. J. Marcou, in The Taconic system and its position in strafi- 
frrafhical geology^ by Jules Marcou, Proc. Am. Acad., new ser.,vol. xii, p.184. 

2 A. Winchell, in Amer. Jour. Sci., Oct., 1887, p. 3i4;^we/*/c«« Geologist^ 
Jan., 1888, pp. 14-24. 
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attained so prolonged a history as in some parts of North Amer- 
ica. Whatever the facts may be as to the upper limit of the 
Huronian, the designation commonly employed for the system 
is clearly superseded by Taconic. This was the understanding 
of Dr. Emmons, though the contention seems to have dropped 
almost out of remembrance.* In i860, in a letter to M. Marcou, 
speaking of a communication to the American Journal of Science, 
which was refused publication, he says, "I claimed that the 
Huronian was only the Taconic system." In 1 861, he wrote, 
" It was ten years ago, I think, when I claimed Logan's Huro- 
nian system as nothing more than the Taconic." Unless, there- 
fore, we find the zone of the primordial fauna interposed 
between the typical Huronian and the Lower Silurian, showing 
the typical Huronian to stand for a zone of truly azoic sediments, 
it would appear that the name Huronian ought to be dropped 
out of use. 

IV. Validity and scope of the Taconic. 

I. Grounds of opposition to the Tacofiic. It was from the 
beginning maintained by certain North American geologists, to 
whose judgment most of the others deferred, that the rocks 
within the area of the Taconic as defined by Dr. Emmons, were 
newer than the Potsdam sandstone, instead of older; and that 
their more ancient aspect than the other strata of the same age 
was due to metamorphism. It is not needful to consider with 
whom this view originated, nor to recall the discussions which 
have taken place. It may be granted that palaeontological and 
structural investigations, carried on in the region south of lake 
Champlain, have succeeded long since, in showing that a con- 
siderable mass of strata embraced by Emmons in the Taconic, 
lies really within the Newi York system. It is not known, 
however, that no genuine sub-Potsdam Taconic occurs within 
the same area. Indeed, it has been shown while I write, that 
the quartzite series contains sub-Potsdam fossils, and extends 
from near Bennington in Vermont to Williamstown, Mass., and 
Stissing mountain in Pine Plains, Dutchess county, N. Y.* 

* This equivalence was urged by N. II. Winchell in his vice-presidential 
address before the Am. Assc. Adv. Sci. in 1884. — [Ed.] 

' Walcott: The Taconic System of Emmons, Am. Jour. Sci., 3, xxxv, pp. 
234*6. 
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As to the region east and north of lake Champlain, investiga- 
tions equally assiduous have succeeded in showing that a con- 
siderable area is occupied by strata older than the Potsdam ; and 
that they contain a fauna of a truly primordial character, whose 
geological position is lower than any fossiliferous strata known 
to either Murchison or Sedgwick. Nothing more is needed 
than this simple statement.* 

Thus the investigations of forty years have shown that the 
central conception of Dr. Emmons was founded on fact. This 
was simply a system of fossiliferous strata older than the New 
York system. Such system has been demonstrated by the re- 
searches of many investigators — Perry, Barrande, Billings, Mar- 
cou, Ford and Walcott. " To him belongs," says Walcott, " the 
credit of recognizing and describing the Middle Cambrian series 
of North America, as a distinct formation, both on structural 
and palaeontologic grounds. ♦ ♦ ♦ The central idea of 
which [Emmons' proposal] that a great series of Palaeozoic 
strata, of pre-Potsdam age, existed east of the Hudson river 
shales of the valley of the Hudson and lake Champlain, we now 
know was correct."* 

It signifies nothing that others — Dana, Dwight, Walcott' — 
have shown that some strata of the New York system are in- 
cluded among those described by Dr. Emmons as Taconic. Any 
amount of demonstration of such a proposition has no bearing 
against the conclusion that sub-Potsdam strata do exist, as 
Emmons alleged, and in the region originally circumscribed by 
the founder of the Taconic. 

Mr. Walcott, who seems disposed to do justice, expresses re- 
gret that he cannot apply the term Taconic to the series of fos- 
siliferous strata older than the Ordovician, the middle division 
of which Emmons distinguished "on structural and palseonto- 
logic grounds." But, if we do so, he says, " the great lower 
division described by Emmons as the typical Taconic, will be 
dropped entirely, and the Upper Taconic, which is not now 



^ The objections urged against the Taconic are discussed seriatim by 
my brother, N. H. Winchell, in American Geologist^ March, 1888, pp. 162-73. 

2 Walcott: Bull. U. S. Geol. Surv., No. 30, p. 65. 

' See especially, W^alcott's most recent paper, Am. Jour. Sci., (3), xxxv, 
229-42 — still to be continued. 
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known to occur in the Taconic area, would be taken as the 
true Taconic, which it does not appear to be, although Dr. 
Emmons included the Black Slate in it in 1847."* 

The above paragraph, if I successfully penetrate its meaning, 
seems to me at variance with good reasoning. If Dr. Emmons 
characterized well the middle division of Mr. Walcott's Cam- 
brian, it seems to me the two ends must go with the middle into 
the Taconic, whether Emmon's established a proper order 
within the Taconic or not. If, in continuing, the writer means 
that the great lower division of the Taconic was "described 
as the typical Taconic," I should beg to differ, since the greatest 
abundance of Taconic characteristics cited by Emmons per- 
tained to the Upper Taconic — as finally he designated it. 
The Lower Taconic was originally described simply as a part 
of the Taconic, and if it cannot hold its place a large body of 
Taconic rocks remains. Lastly, with the statement that the 
Upper Taconic " is not now known to occur in the Taconic 
area," I beg again to differ, since the whole** Georgia group," 
as defined and mapped by Walcott, and ranged in the middle 
division of his Cambrian, falls within the original Taconic area. 
The Upper Cambrian of Walcott was excluded from the Ta- 
conic, but it appears that its palaeontological affinities carry it 
there. 

Mr, Walcott's position will be made plain by the following 
compilation of results embodied in his last paper, to which ref* 
erence has already been made: 

Parallel with Walcott's stratigraphy I have placed the prin 
cipal members of Emmons' system, showing the singular strati- 
graphical disorder into which he fell. At the right hand, the 
Taconic and Cambrian stand as I would here propose. 

It is chiefly in consequence of this unfortunate confusion that 
Mr. Walcott concludes the term Taconic ought to be dropped 
out of use. It seems almost presumptuous to differ with so 
thorough and candid an investigator. Mr. Walcott seems to have 
completed happily the difficult work on which professor Dana has 
so skillfully labored for several years. The results possess the 
highest scientific value, for the labor has been one of exceptional 

1 Bull. U. S. Surv., No. 30, p. 65. 
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difficulty, requiring palaeontologic and stratigraphic skill of the 
highest order. A flood of light now shines on a question long 
dark. We can understand that the defenders and the opposers 
of the Taconic have all had good reasons for their claims — if 
they had not made them so exclusive. American geology owes 
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Walcott'8 stratigraphy within the Taconic area. 



Hudaon terrane. 

4. Shales and sandstones. Smooth shales with 
Graptolites. 

6. Red, black and green shales, cherts Mid sand- 
stones, faulted in between two parts of terrane 
No. 6. With Graptolites. 



Trenton-CboMy-CaleilbrouB. 

8. Limestone and marble, both sides of the Q'a- 
conic range. Determinations worked out chiefly 
by Dana. 1 Fossils investigated by Wing. Dana and 
Dwight, and by Walcott. 



Potad&m group, 

2. Talcose and silicious slates, sandstones and 
limestones. 2.000 feet. 
ao«a4^^w>« (2. Limestone with Potsdam fauna. 

J^.?i?P \ 1- Massive sandstone, with typical 

couni> . I Potsdam fossils farther north. 

t]7«»K{«»4^^«. \^- Calcllerous.fnterbedded in shales. 
^SrS? \ 2. Limestone, with Potsdam fauna. 

county. ij Potsdam sandstone. 

^owitT* {^-*™«8tone with Potsdam fossils. 



Emmons' 
equivalfflits. 



Lower Taconic. ^^e 
Talcose slates. § 5* | 
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Lower Taconic. 

Btockbridge lime- 
stone. 

Super-Taconic. 
Oiazy at Bald Mt. 



Super-Taconic. 

Caldferous. 

Potsdam. 

Overlapping by 
faulting. 



Georgia group. 

1 . Quartzyte s eries. 
Shore-line deposit, con- 
temporaneous with No. 
5. Not as low as lowest 
of No. 6. Bennington 
and Pownal, Vt., North 
Adams, Mass., Stissiug 
Mt., Dutchess Co., and 
elsewhere. 



5. Georgia terrane. 

Slates, shales and in- 
terbedded limestones 
and sandstones 14,000 
feet. Off shore deposits. 
Fossils at over 100 lo- 
calities in the typical 
Taconic area. 



Paradoxidcs fauna belongs below. 



Lower Upper 
Taconic.^Taconic. 



Granular 
quartz. . 



Slates, 

Shales, 

limestones, 

sandstones 
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Mr. Wallcott gratitude and honor for what he has accomplished. 
But I am inclined to the opinion that it is the very severity of 
his scientific method which prevents his due appreciation of the 
bearing of the facts w^hich he has been foremost to bring to 



1 Amer. Jour. Sci., 1872 to 1887. 
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light. Mr. Walcott has gone farther than a comprehension of 
the elements of the Taconic question requires. He has followed 
Taconic history too far, and with too much minutiae of criticism 
for a broad, judicial contemplation of the essential problem — 
though not, I repeat, too far for the ends of science. He has 
disclosed many egregious errors which, at first view, are rather 
confounding, and suggest that with so much mixture of error, 
confusion and truth, it may be best to abandon Taconic to the 
records of the past. But when we rise from the study of these 
perplexing and discouraging features of Taconic history, and 
generalize our field of view again, we observe that after all, they 
are but details, subordinate to the grand fundamental conception 
of a sub-Silurian and sub-Cambrian system of rocks and of life. 
As long as Dr. Emmons' central conception remains valid, we 
must not be too exacting in reference to the details of his deter- 
minations. Nor must we mercilessly hold to the standards of 
to-day, the conclusions of a research prosecuted over forty years 
ago, when primordial palaeontology scarcely had existence 
either in America or Great Britian; and when stratigraphic and 
petrographic methods of research were generally no more 
thorough than those which Emmons so long, and so patiently, 
and so full of conviction, pursued. Unfortunate circumstances 
surrounding him gave an adverse set to opinion, which no 
efforts of his friends could change during his life-time. Those 
who knew Dr. Emmons personally can understand some of the 
reasons of this. But personal dislikes are poor arguments, and 
they become contemptible when known only as traditions. We 
are concerned at this day, only for truth and justice. If we 
can discern the grand outlines of truth and justice, we shall not 
be frightened away by some details of error and misconception. 
Viewing the subject in a large way, with a mind free from 
prejudice and prepossession, I feel borne to the conviction that 
the Taconic system has a right to stand. 

2. Defenders of the claims of the Tacojiic, American de- 
fenders I will not cite; but I wish to quote the judgment of M. 
Barrandc, whose competency perhaps none will question: 

"At its origin, that is to say, from 1S38 to 1844, this Taconic 
system was presented as founded on petrographic and strati- 
graphic observations, and constituted simply the sedimentary 
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Sascy according to the American expression. It was still with- 
out any characteristic fauna. 'But in 1844, ^^' Emmons having 
discovered in this formation fossils before unknown, his Taconic 
system for him represented the palceozo/c base, 

" This expression, used on the other side of the Atlantic, is 
evidently equivalent to that of "primordial fauna,' which I 
have applied to the trilobitic group, the oldest of Bohemia, de- 
fined for the first time in my Notice freliminaire^ in 1846. It 
is known that the Linguloe which characterize the horizon of 
Lingula fiags in Wales, that is, the Cambrian region of Eng- 
land, were only discovered by Mr. Davis in 1845 [Siluria, 2d 
ed. p. 43, 1859.] 

" In comparing these dates, it is clear that Dr. Emmons had 
first announced the existence of a fauna anterior to that which 
had been established in the ^Silurian System' as characterizing 
the Lower Silurian division, and which I have named second 
fauna. It is then just to recognize this priority, and I think it 
all the more fitting to state it at this time, that it has not been 
claimed to this day." * 

I agree with Marcou that " it is evident that if Barrande had 
s^en the memoirs of Emmons when they appeared, he would 
have used the name " Taconic " to designate all that lower part 
of the most ancient strata of Bohemia which, having nothing 
better, he called Divisions A, B, and C of the Lower Silurian.- 

The other judge whom I desire to cite is M. Dewalque, the 
general secretary of the committee on uniformity of nomen- 
clature. At the meeting of the International Congress at Ber- 
lin, in 1S85, ^^tcr giving the opinions of various national com- 
mittees in reference to the classification of the lowest Palaeozoic 
rocks, M Dewalque said: 

" Since the receipt of the reports of the national committees, 
the question to be decided has become complicated. M. Jules 
Marcou, in an important work published by the American 
Academy of Science and Arts, and entitled " 7^/ie Taconic 
System and its position in St rat igr a pic Geo/^^j^, " has vindi- 

* Dock mens aficicns ri j/om'raux suf la Faunr primordiale et Ic Sysfeme 
Tacouique en Ameriqiie. lUill. Soc. gcologiquc de France, 2 ser., torn., 
xvii, p. 225. 1861. 

^ Proceedings Amcr. Acad., xii, 252, 1885. 
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cated the priority of the term Taconic, of which the Cambrian 
above mentioned [of primordial fauna] would be the equivalent. 
To us the question seems demonstrated. In such a case, the 

■ 

term Cambrian would be employed to replace the Ordovician, 
and the name Silurian would come back by right to group 6. 
If we be not in error, this solution would avoid many difficult- 
ies." 

3. Position and Equivalences of the Taconic sy stern, I for- 
bear the presentation of any extended table of sub-divisions and 
equivalents of the Taconic system. After the presentation of 
Mr. Walcott's results, it is scarcely necessary to do more than 
refer for comparison to the table of M. Marcou in his last pub- 
lication.^ I conclude by saying, that in my opinion, the proposal 
of M. Dewalque is entirely feasible and just. The term Or- 
dovician has no need to appear in American geology. It stands, 
in England and America, for the rocks first named Cambrian; 
and Taconic stands for the older strata holding the primordial 
fauna. I favor, therefore, the following arrangement: 

III. Silurian [--^Upper Silurian, containing 3d fauna.] 
II. Cambrian [=-Ordovician, containing 2d faun.] 
I. Taconic [Containing primordial fauna.] 



A CONTRIBUTION TO THE ARCHiEAN GEOLOGY OF 

MISSOURI. 

BY ERASMUS IIAWORTII. 
PART II. 

B, The Porphyries and Porphyrytes. 

The porphyries and porphyrytes constitute at least nineteen- 
twentieths of the massive rocks of Missouri. Thev are the 
most extensively developed around Pilot Knob, and Iron Moun- 
tain. The different varieties grade into each other by almost 
imperceptible transitions, not only in the character of the rocks, 
but also with reference to the geographical areas over which 
they are exposed. In general the most acid types are near 



* On the Use of the Term Taconic^ Proc. Soc. Nat. Hist., Boston, xxiii, 
Mar. 2, 1887, pp. 343-55- 
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Pilot Knob. As we pass to the south and southeast we find 
them becoming more and more basic. 

(a) Mincralogical composition. 

The minerals which occur in sufficient quantities to form any 
considerable proportion of the rock masses are quartz, orthoclase, 
plagioclase, and epidote. The list of accessory minerals is much 
greater. Some of these are original constituents, and some are 
of secondary origin. They are, iron-oxides of different kinds, 
chlorite, leucoxene, calcite, apatite, fluorite, pyrite, zircon, rutile?, 
muscovite, and piedmontite. It is quite probable that biotite, or 
hornblende, or augite has been present in considerable quantity 
in the more basic varieties, and that it was the sburce of the 
greater portion of the epidote so abundant in some of the por- 
phyrytes; but no instance was noticed in which either of these 
three was present, even in the smallest quantity. 

It is interesting to note that the general mineralogical com- 
position of the porphyries is almost identical with that of the 
granites. The absence of biotite and hornblende and augite in 
the porphyries has already been mentioned and a probable ex- 
planation given. Topaz would be expected only where fume- 
role action has existed, and therefore its presence or absence has 
but little, if any, bearing on the probable original composition 
of the rock magma. Zircon is comparatively rare in the por- 
phyries, and iron-oxide is much more abundant than in the 
granites. Otherwise there is almost no difference in the miner- 
alogical composition of these two rock families as they occur in 
Missouri. 

(^) Special descriptiofi of mi?ierals. 

Iron-oxide, Little black grains of iron-oxide — probably mag- 
netite in most instances — are scattered all through every thin sec- 
tion of the porphyries examined. The most common size of 
these grains is 0.05 mm, but some of them are much larger, and 
others are very mucli smaller. Quite frequently the very little 
grains are arranged in lines, and when looked at with an ordi- 
nary magnifying power would be taken for threads or hair-like 
inclusions, but when examined with a high power their true 
character is revealed. 

In some localities the iron-oxide is unevenly distribute^ 
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through the rock mass, so that it gives the rock a spotted ap- 
pearance. A portion at least, of the so-called fragmental rocks 
owe their spotted color to this cause. 

Orthoclase and plagioclase. One of these minerals is al- 
ways present and in many cases the two exist side by side. 
The presence or absence of quartz does not determine the 
relative amounts of them. In the more basic varieties the 
plagioclase is labradorite or bytownite, and in the more acid 
ones it is oligoclase or andesin, as is shown by their specific 
gravity determinations. In specimen number 273 the results 
obtained were 2.716, and in number 223 it was 2.665. It 
is interesting to note that number 223 has no porphyritic 
quartz whatever, while number 273, with the basic feldspar, has 
a great deal of quartz in the very coarse ground mass by the 
side of large quantities of epidote. Usually the feldspars are 
quite fresh. When altered they yield the ordinary products of 
alteration. 

Epidote, This mineral is present in varying amounts in a great 
many of the porphyries. Its irregular distribution in the rock- 
mass — often occurring in partially decomposed feldspars — and 
the total absence of crystalline form indicate that it is of secondary 
origin and suggest that probably it was mainly derived from an 
iron silicate which has been wholly changed so that no vestige 
of it can now be discovered. The epidote varies from the small- 
est grains to those an eight of an inch in diameter. As we pass 
south from Pilot Knob the amount gradually increases. In 
some places, particularly at the Piedmont quarries, it is suffi- 
ciently abundant to give the rock a spotted, dark green color. 

Piedmont ite. This rare manganese epidote exists in small 
quantities in the porphyries at different places. It is most abun- 
dant at the quarries four miles southeast of Anapolis, but traces 
of it were seen in specimens from Piedmont; and, judging from 
the similarity of different rocks, it should be looked for at all those 
quarries along the road between Ilogan and Piedmont. Speci- 
mens numbers 278 and 279 have the largest amount of the min- 
eral of any examined. They are reddish, coarse-grained porphy- 
rytes, consisting essentially of a quartz and plagioclase ground- 
mass through which iron-oxide, epidote, and the piedmontite are 
scattered. The porphyritic constituent is plagioclase. The pied- 
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montite is in small, irregular grains which, while not being in 
well-developed crystals, are often elongated sufficiently to show 
their axial directions. 

In order to determine whether or not the mineral was pied- 
montite it was subjected to the following examinations. A 
careful microscopic examination was made, which showed that 
a portion, at least, of the grains extinguished parallel to their 
greatest elongation. Piedmontite is elongated parallel to crys- 
tallographic b, and all sections in the zone of the basal-pinacoid 
and orthopinacoid planes would have parallel extinction. The 
mineral is strongly pleochroic, giving ix = carmine, h = ame- 
thyst, t = orange. These correspond quite well with the colors 
given by Laspeyres * for piedmontite from St. Marcel. The 
index of refraction is quite strong, as is shown by the apparent 
thickness of the mineral in the slide. A quantity of the mineral 
was isolated by first making a separation of the portions of the 
rock heavier than 3.1 by means of the Thoulet solution, and 
boiling the powder thus obtained in strong chlorhydric acid, 
which dissolved the iron oxides, leaving the piedmontite mixed 
with epidote. During the boiling examinations were made to 
see if free chlorine were given off, which would have been the 
case had manganese dioxide been present. None whatever 
could be detected. The residue looked quite red, and gave a 
strong reaction for manganese. 

Now the only two minerals with which piedmontite is lia- 
ble to be confused are withamite and thulite, two varieties of 
epidote. Rosenbusch, in the last edition of his petrography, is 
inclined to class with withamite all the red epidotes which he 
mentions as occurring in porphyries — see p. 472. Lacroix* has 
investigated the optical properties of withamite and thulite, and 
finds that they correspond very closely with those given by 
Laspeyres for piedmontite. Thus, all three are positive; the 
three pleochroic colors are the same for the three minerals, and 
have the same arrangement in piedmontite and withamite, but 
different in thulite. The colors in piedmontite, however, are a 
little more strong than in cither of the others. 

The different text-books examined which mention withamite 

' Zeitschr, fiir Kryst, vol. 4, pp. 435-468. 
2 Bull, de la Soc. Francaise de Min., p. 75. 
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give it as a manganese free epidote. But in Prof. Heddles'* 
complete analysis of the mineral he finds 0.138 per cent, of MnO. 
I did not succeed in isolating a sufficient amount of the Missouri 
mineral for a quantitative analysis, but judging from the results 
of the qualitative examinations there is little chance to doubt the 
presence of manganese in sufficient quantity to make the mineral 
a piedmontite. The occurrence of this rare mineral in Mis- 
souri is quite interesting. So far as known to the writer it has 
thus far been reported from but three different localities; 
St. Marcel in Piedmont, Italy; Jacobsberg in Wermland, 
Sweden; and from Japan. The last named locality was recently 
reported by Prof. Koto* who describes it as occumng very 
abundantly in the Archaean schists and gneisses. 

(c) Structure of the porphyries. 

The structure of the groundmass has always been regarded 
as a matter of first importance by students of porphyritic rocks. 
This groundmass may be holo-crystalline, semi-crystalline, or 
glassy. Rosenbusch divides the first of these into the micro- 
granitic and granophyric and designates the second and third 
respectively by the terms ydsophyric and vitrophyric. In the 
Missouri porphyries a third class of the holo-crystalline ground- 
mass is so well represented that it should receive special notice. 
Before describing it, however, a short discussion of the different 
possibilities in a holocrystalline groundmass may be of interest. 
The following is taken from the lecture notes of Prof. G. H. 
Williams, who kindly consented to my copying it: 

** A holocrystalline groundmass contains no amorphous or unindivid- 
ualized matter whatever, and independently of differences occasioned 
by variations in the fineness of grain, three quite distinct types of holo- 
crystalline structure are distinguishable. These three types are condi- 
tioned by the mutual relation of the quartz and feldspar crystals vrhich 
compose the groundmass. In the first place they may be wholly inde- 
pendent, thus giving rise to a granular aggregate which is well designated 
by the term Microgranitic Structure. 

In the second place agranular efiFect may be produced by the complete 
interpentration of two individual crystals of the same size. In this case 

* Mineralog. Magazine, vol. 5. p. 15. 

' Journal of the College of Science, Imperial University, Tokyo, vol. 
I, part III, pp. 303-312. 
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— due to the simultaneous crj'stallization of the two minerals from the 
magma — ^all the parts of the same individual, no matter what the size or 
shape, must have exactly the same opticalorientation, and must hence 
extinguish the light between crossed nicols together. Such a structure 
is termed, according to the particular form it assumes, micropegmatitic or 
granophyric. In the third place a single large crystal of one of the two 
constituents of the groundmass may be filled with much smaller, irregu- 
larly arranged grains or crystals of the other. This would also give the 
general effect of a finely granular structure, although it is essentially dif- 
ferent from either of the others above mentioned." 

This type of structure apparently has never received attention 
as a variety of the holocrystalline groundmass in porphyries, 
but it is admirably exhibited in the Missouri rocks. It may 
perhaps best be designated as the fcccilitic structure^ being 
strictly analogous to the mottled appearance described by this 
term by Prof. Williams in certain coarse-grained peridotytes, 
where large hornblende crystals are dotted through with grains 
of olivine and hypersthene.* 

We may therefore divide the Missouri porphyries, in regard 
to the structure of their groundmass, as follows: 

I. Holocrystalline. (i) Microgranitic. 

(2) Granophyric. 

f3) Pcecilitic. 

II. Semicrystalline. . (4) Felsophyric. 

III. Glassy. (5) Vitrophyric. 

1°. The microgranitic structure: This class includes more 
than half of the different kinds of porphyritic rocks of the whole 
area. It is represented in the quartz-porphyries, the quartz- 
free-porphyries, and the porphyrytes. The porphyritic indi- 
viduals in it are sometimes corroded, but not so frequently nor 
so badly as in those with felsophyric and vitrophyric structures. 
The size of the individual crystals in the groundmass varies 
greatly. In the coarsest grained ones the constituents can readily 
be determined to be quartz, orthoclase, and plagioclase, the 
particular associations depending on the nature of the rock. 
From this degree of coarseness they pass into the microfelsytes 
by almost imperceptible gradations. 

2^ The granophyric structure: This is so well known it 



1 See the Peridotites of the Cortland scries. Am. Jour. Sci., (3). xxx, 
P- 30, Jan., 1S86, and xxxiii, p. 139, Feb., 1887. 
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needs no special description here. It is represented in compar- 
atively few localities in this area. Some of the coarsely crystal- 
line varieties which are as nearly granites as porphyries belong 
to this type, such as number 268, from near Hogan. It is very 
common to find a porphyritic individual of feldspar or quartz 
that has served as a nucleus around which the radiating rays of 
the granophyre are clustered. Fig. 2, pi. i, from number 410, 
the wall rocks of the big dyke at the Tin Mines, show this 
quite well. 

3**, T/ie pcecilitic structure, Lin many of the fine grained 
rocks the individual grains cannot be seen unless highly magni- 
fied, but if the section be revolved on the stage of the microscope 
while the nicols are crossed the whole field is broken up into 
different areas, each of which will change alternately from dark 
to light. A great many little specks of feldspathic material are 
scattered through the whole mass, but they seem to be entirely 
irregular in their arrangement^ Fig. i, pi. i is an attempt to 
represent this structure as seen in number 211, taken from the 
north side of Shephard mountain, about three-fourths of the 
distance from the base to the summit. 

JAs the crystallization increases these different areas increase 
in definiteness, so that in the more coarse-grained varieties their 
true character can readily be determined/^ Fig. 3, pi. i, shows 
a coarse-grained porphyry, number 347, in which this structure 
is well represented. (A given quartz crystal is entirely sur- 
rounded by a larger area of a mixture of quartz and feldspar in 
which the quartz is oriented with the central crystal. In reality, 
then, this is a large quartz crystal, a portion of which has a great 
deal of the feldspathic material as an impurity scattered through 
it in an irregular manner. In some cases the feldspar is well 
crystallized, and projects into the quartz crystal, as shown in the 
same figure. This, then, is the explanation for all of these areas 
into which the field breaks up as the stage is revolved. Each 
one represents a quartz or feldspar crystal throughout which 
the feldspar material is irregularly scattered. The degree of 
crystallization determines thedefinitenessof outline of each area, 
and the amount of light which passes depends largely on the 
distribution of the feldspar materiaQ 

4^. The felsophyric structure, A large proportion of the 
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porphyries of this area have a striiclure corresponding to the 
popular microf elsitic, or felsophyric. Some of them are exceed- 
ingly fine-grained, and differ from the microgranites in this re- 
spect only ; others more closely resemble those with the psecilitic 
structure; while still others arc rocks which have many spheru- 
litcs scattered through them. Many of them have tlie flow 
structure well developed, and it is not unusual to find associated 
in one slide the spherulites, the flow structure, and a very fine- 
grained micro-granitic structure. 

All of the rocks of this structure are very compact and have 
a flinty fracture. They are very abundant around Middlebrook, 
Pilot Knob, and many other localities. 

5^ The vitrophyric structure. Rocks of this class origi- 
nally were vitrophyres, but the process of devitrification has 
progressed so far that at present little if any of the isotropic 
ground mass remains, yet the structure is such there can be no 
reasonable doubt regarding their original condition. 

About two hundred yards north of the station at Arcadia a 
large mass of porphyry is exposed by the roadside. Specimens 
202 and 203 are from this place. They have badly corroded 
quartz and orthoclase crystals, and have the flow structure, well 
developed in the ground mass. Less than a fourth of a mile 
away, at the foot of the hill northeast of the Methodist church 
is another rock, number 204, which has the flow structure as 
well developed as any modern volcanic rock. On the south 
side of Shepard mountain, about half way from the base to 
the summit, there are a number of thin, even layers less than 
two inches thick which were thought to be sedimentary rocks, 
but which, upon examination with the microscope, proved to be 
lava flows. Number 216 is from this place. Many other lo- 
calities of similar rocks could be given, but these will serve for 
illustration. 

The rocks representing these fine types of structure have no 
sharp lines between them, but they pass from one extreme to 
the other by many intermediate grades. 

A comparative study of the porphyries and granites of this 
district reveals the interesting fact that there is no sharp division 
line between the two, at least so far as can be judged from the 
hand specimens. The question naturally arises, "Do we have 
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here in Missouri an illustration of the gradual transition from a 
holocrystalline, coarse-grained rock through the fine-grained 
ones into those which originally were vitrophyres ?" If the 
field relations strongly corroborate the evidence obtained from 
the hand specimens it will add greatly to the probabilities in 
favor of the correctness of an affirmative answer. Let us see 
what the facts are. 

There are two important points however which should con- 
stantly be kept in mind while considering this question, i^ The 
present elevations may, and probably do, differ from those which 
obtained during the period of solidification of the rock masses. 
The time has been so long that surface erosion and oscillations 
may have somewhat changed the original contour. 2^. The 
surface of this original eruptive mass duringithc period of solid- 
ification very probably was quite uneven. It is the distance 
below this original surface at which any given rock mass solid- 
ified that should determine its structure, and not necessarily its 
relation to the present surface. 

It is therefore manifest that in certain cases there may be ap- 
parent reversions of the rule that the farther below the surface 
a rock exists the more coarsely crystalline it is. Such cases are 
not lacking. Specimen number 214, from the very summit of 
Shepard mountain is more highly crystalline than number 204, 
which came from a pojnt in the valley 600 feet below. But* 
there are many reason for believing number 204 was in a valley 
of the erupted material and that this valley has not been eroded 
as much as has the top of Shepard mountain, therefore number 
214 probably cooled farther below the surface than did number 
204. 

Now it is an interesting fact that all the granite exposures 
are on comparatively low ground, with porphyry hills near by; 
and also that generally there is good evidence of extensive ero- 
sion from the surfaces of the granite beds. Thus we find them 
along the valley of the St. Francois, the largest stream in the 
district; and along the lower portion of Stout's creek. The 
Graniteville quarries, it is true, are not located on a stream of 
any great size, but they are in a valley with high porphyry hills 
almost all around. Passing back from the streams we find that 
whenever granite is exposed it is a fine grained variety, and in 
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its general appearance resembles the porhpyries. In some places 
rocks were seen which, macroscopically, as much resembled the 
porphyries as the granites. 

If we turn to the porphyries themselves we shall find, that 
those from the base of the hills are more coarse grained than 
those near the top. Number 268 is from the base of a hill more 
than 400 feet high. It is in structure half way between the 
granites and porphyries. All of the porphyrytes from number 
273 to 280 are from quarries which are near the bases of the 
hills. They all have a very coarse grained microgranitic struc- 
ture. Number 287, from about two miles west of the Silver 
Mines, is from the base of a hill 500 feet high. It has the 
pcecilitic structure very well developed, and is a very coarse 
grained porphyry. 

In more than 220 hand specimens examined in the prepara- 
tion of this article not a single one represents a coarse grained 
porphyry from the top of a hill, while many of them show 
that the rocks at the top of high hills are much more fine grained 
than those from the bases of the same. The transition from 
the coarsest microgranite into the finest grained felsophyre is 
absolutely without a break. The series from the coarse grained 
granite to the micro-granites is almost as complete. 

No instance w;as seen in which this change could be traced 
from one extreme degree of crystallization into the other in the 
same rockmass. But this may be due to the insufficiency of 
the field-work done, or to the fact that a heavy covering of soil 
usually conceals the rocks over an area between the granites 
along the streams aud the porphyry hills farther back. . 

It is thought that the evidence now at hand is sufficient to 
warrant the suggestion, as a working hypothesis, that we have 
here an example of the gradual transition from a coarse grained 
granite into a very fine grained felsophyre; such transition in 
structure being due to the difference of physical conditions — 
heat and pressure — under which the various masscss solidified, 
diffierences largely brought about by the varying depths at 
which different portions of the original magma existed. 

The old classification of massive rocks based upon their age 
is at present almost entirely abandoned, but a short review of 
the work which has contributed to this result may not be amiss 
in this place. 
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The classification was based on the idea that there was a 
marked difference between the structure of pre-Tertiary rocks 
and those younger. It was believed, for example, that the 
granite and gabbros were of pre-Tertiary age, and that all rocks 
as young as the Tertiary which were similar to them in chemical 
composition differed from them materially in structure, being 
much less perfectly crystalline. 

In 1874 Prof. J. W. Judd^ published a long paper, on the 
secondary rocks of Scotland, in which he showed that the 
granites, and gabbros of Lyke, Mull and other points were of 
Tertiary age, and that they graded into the overlying volcanic 
rocks which were glassy, the degree of crystallization varying 
with the depth below the surface at which the rock mass solidi- 
fied. In 1 876 he published ' a paper of similar import concerning 
the rocks di Sheitinitz, Hungary. 

In Feb., 1885, Messrs. Arnold Hague and J. P. Iddings' pub- 
lished their paper, On the development of crystallization in the 
igneous rocks of Washoe^ Nevada^ in which they showed that 
the structure of the rocks varied with the depth, and that the 
deep seated ones, previously called Archaean, were of the same 
age as those near the surface which had been called much 
younger. In the same year Prof. Alfred Steltzner* published 
his work entitled : " Beitrage zur Geologic und Palaeontologie 
der Argentinische Republic," in which he describes four different 
localities in the Andes mountains near the boundary between 
Chili and the Argentine Republic that show gradual transitions 
from the holocrystalline rocks, such as granites and diorytes, 
into andesitic lavas, tuffs, and breccia. It should be noted that 
his field work was done from 1 871, to 1874. In February, 1886, 
Prof. Judd* published a long paper reviewing those published by 
him in 1874 and 1876, and adding considerable evidence to the 
views therein expressed. 

1 Quart. Jour. Geol. Soc, 1874, vol. 30, pp. 220-303. 

2 Quart. Jour. Geol. Soc, 1876, vol. 32, pp. 292-324. 
8 U. S. Geol. Survey, Bull. 17. 

♦ Title as above, i, Geologische Theil., pp. 198-213, Cassel und Berlin. 
The book was reviewed by Prof. G. H. Williams in Am. J. Sci,. vol. 33, 
pp. 315-316. 

* Quart. Journ. Geol. Soc, vol. 42, pp. 49-97. 
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In April of the same year Signer B. Lotti * described certain 
Italian rocks which teach the same lesson. In 1887 Karl DaU 
mer* described tHe quartz trachytes and other rocks from Cam- 
piglia in which he finds additional evidence that crystallization 
depends principally upon the conditions of heat and pressure at 
the time of solidification, rather than upon the age of the rock 
magma. 

(</) Classification of the porphyries. 

In the classification of the porphyries it is customary to base 
the first general divisions on the mineral constituents of the rocks 
considered, and, a portion at least, of the subdivisions on the 
structure of the ground mass. In this way Rosenbusch divides 
the pal aeo- volcanic rocks into five general divisions, or families;, 
the quartz-porphyries, the quartz-free-porphyries, the porphy- 
ry tes, the augite-porphyry tes, and the pickrite-porphy ry tes. The 
first three of these families are well represented in Missouri^ 
and the fourth very probably existed at one time, although at 
present, as before stated, the epidote is the only representative 
of the original bisilicate, whatever it may have been. 

The quartz porphyries include representatives of three of the 
sub-divisions given by Rosenbusch. These three are: micro- 
granites, granophyres, and fclsophyres, the rocks which orig- 
inaliy were vitrophyres having been completely dcvitrified.. 
The quartz-free porphyries can well be placed in a single sub- 
division, the orthophyres ; the minor sub-divisions, such as augite 
orthophyre, biotite orthophyre, etc, have not been discovered,, 
and probably do not exist. 

The porphyrytes cover a very large area. The different 
varieties grade into each other so that division lines cannot easily 
be drawn between them. Some of them have quartz as an es- 
sential constitutent, and others do not. Some have an abundance 
of epidote, and others have none. Leaving out of consideration^ 
the augite porphyrytes — and we have to do this, because we 
can say nothing about them with certainty — we may represent 
the classification of the whole of the pala30-volcanic surface rocks 

> R. Com. Gcol. D'ltalio Boll., April, 1886, p. 73. Reviewed by Prof." 
J. D. Dana in Am. J. Sci., vol. 32, p. 239. 
2 Neues Jahrb, 1887. 11 Band, pp. 206-221. 
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of Missouri by the following scheme, the numbers used refer- 
ring to typical specimens of each class. 

( Microgranite, 287, 347. 
Quartz-porphyry . . \ Granophyre, 268, 410. 

( Felsophy're, 204, 283. 

Quartz-free porphyry ■{ Orthoclase, 213. 

T> u * \ Epidote-free, 223. 

L Porphyry te | Epidote-bearing, 273- 

C. Diabase and diabask porphyrytks. 

Under this head are included all the dyke rocks of the dis- 
trict. It is thought they are sufficiently related to be considered, 
under one general head. The dykes themselves have already 
been described, so that the petrographic discriptions may at once 
be introduced. 

( a ) Alineraloglcal composition, 

Mineralogically there Js nothing new in these rocks. The 
most abundant mineral is plagioclase. Then follow augite, oliv- 
ine, ilmenite v/ith its decomposition product leucoxene, chlorite, 
iron-oxide — probably magnetite — hornblende, quartz, biotite, 
apatite, epidote, pyrite, calcite and serpentine. To this list of 
■constituents glass must be added, since it forms an essential 
part of a few rocks. 

The character and mode of occurrence of the greater portion 
of these constituents do not differ essentially from those often 
described by others, and consequently need only be mentioned 
in a general way. The ilmenite, leucoxene, and iron-oxide are 
present in all the rocks, and are quite uniformly scattered through- 
out the mass. The chlorite, of course, is a decomposition pro- 
-duct, and is the most abundant in the weathered specimens. 
The biotite is scarce, but in a few specimens, particularly num- 
ber 235, large individuals of it occur. Apatite, as usual, is 
scattered through all the rocks ; epidote only occasionally occurs, 
and is probably always secondary. Pyrite is not often found, 
but a few of the porphyrytes have it scattered uniformly through 
the ground-mass. Calcite and serpentine are present only as 
secondary products. 

( ^ ) special description of minerals, 

Plagioclase, This mineral always occurs in the form of long. 
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slender crystals which generally show the twinning lamellae very 
perfectly. A determination of its specific gravity in specimen 
346, an olivine diabase, showed it to vary from 2.671 to 2.7 18» 
The same kind of a determination for number 415 gave a varia- 
tion from 2.655 ^^ 2.709. In this case the presence of a glass 
somewhat interfered with the separation, so that the results may 
not be exactly reliable. Quite a number of extinction angles 
were measured in other specimens by the Pumpelly-L^vy 
method with the following results: 

Number 301 gave 38** 4. 37^ Number 310 gave 38° + 36** . 
238 " 38^' + 36°. 

The results of these two investigations indicate that we have 
a lime-soda feldspar varying from andesin to bytownite, with 
possibly a little anorthite. 

The size of the plagioclase individuals varies greatly. In the 
more coarse-grained rocks they can readily be seen macroscopi- 
cally, but in som« of the diabase porphyrytes they are not more 
than a tenth of a millimetre long. In a few cases the other 
constituents decrease until the rock is nearly all plagioclase. 
Numbers 349 and 365 are examples of this. 

In the olivine diabase the feldspars are remarkably well pre- 
served. Occasionally rifts across the crystals have their walls 
coated with a green decomposition product, but in many of the 
rocks this cannot be seen. In the uralite diabases, and those 
badly weathered, the feldspars are often clouded with decom- 
position products. 

In number 235 orthoclase may replace a portion of the pla- 
gioclase, but the feldspars are so clouded one cannot say to a 
certainty. 

Augite. This mineral generally occurs in allotriomorphous 
masses filling the spaces between the feldspars. In a few of the 
porphyritic rocks crystals with well formed outlines were ob- 
served. In the fine-grained varieties the augite is scattered 
throughout the groundmass. 

In the olivine diabases it is unusually fresh, but in many of 
the others it is badly altered, sometimes to hornblende, and 
sometimes to chlorite and other products. 

Olivine, This occurs in large quantities in nearly half the 
specimens examined. Occasionally it is sufliciently idiomorphic 
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to show the general outlhies of the crystal and to have two 
or more planes well developed. Miich«more often, however, it 
is very irregular in shape, and not unfrequently is entirely sur- 
rounded by augite. Lines of fracture running through the crys- 
tals are very common. In the unweathered specimens the olivine 
is remarkably fresh, and is almost entirely colorless. As de- 
composition progresses the borders and walls of the fracture lines 
turn green, iron-oxide separates out — usually magnetite, but 
sometimes a blood red oxide — and serpentine is obtained as the 
end product, but the amount of this last is very small. 

Hornblende. It is quite probable this mineral never occurs in 
the Missouri diabases as a primary constituent. Green, fibrous 
hornblende is found in many of the specimens, and brown horn- 
blende in three or four of them. In the greater number of in- 
stances it exists under such conditions there can be no doubt 
concerning its secondary origin. Number 235 shows this quite 
well. It is a coarse-grained rock with some of the crystals fully 
one and a half centimetres long. The borders of nearly all 
these augites are completely changed to hornblende, either green 
or brown. It is not uncommon to And such a crystal with a rim 
of brow*n hornblende forming but one individual. Fig. 4, pi. i, 
represents a twin augite, with a green hornblende border, the 
portion on the smaller member of the twin being a single indi- 
vidual. 

Number 370 also shows the change of augite to brown horn- 
blende. Here we have a very fresh augite with few if any 
crystallographic outlines. In some individuals there are numer- 
ous little spots in which the change is complete. In other cases 
the altered parts are much larger, and in a few instances olivine 
crystals are entirely surrounded by the hornblende which is 
probably secondary. 

The green hornblende of the uralite-diabase is usually quite 
fibrous. It is an interesting fact that in the specimens examined 
not a single olivine-diabase is uralitized, while very few dia- 
bases free from olivine were found in which uralite was not 
abundantly developed at the expense of the pyroxene. 

Quartz, Few of the diabases contain quartz, but number 235 
has a considerable amount of it which forms a beautiful micro- 
pegmatite with the feldspar. In other cases secondary quartz 
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is present, having resulted from the decomposition of some 
of the original. 

In number 366, we have an interesting example of what 
seems to be primary quartz, existing in the form of porphyritic 
individuals. This rock, which came from sec. 10, T. 33. N. 
R. V. E., is a diabase porphyryte with a tolerably fine grained, 
almost holocrystalline groundmass, consisting essentialy of pla- 
gioclasc and augite. It has numerous large, rounded, porphy- 
ritic feldspars, some of which are two centimetres in diameter. 
The porphyritic quartz is much smaller, the average diameter 
being about two millimetres. Fig. 5, a. pi. i, represents one of 
these quartz-graines, and c, of the same figure is a secondary 
quartz. 

Around these supposed primary quartz grains there is a 
border .oS mm wide which apparently is the result of a partial 
refusion of the quartz grain by the magma just before its final 
solidification. The border is composed almost entirely of little 
slender augite crystals a majority of which are radially arranged 
around the quartz. Some of these are as long as the border is 
wide, and some of them arc much shorter. The inner portion 
of the border is decidedly green, but the color fades towards 
the outside, even in the same augite individual. 

Mr. Charles E. Coatcs, graduate student in the chemical 
department of the Johns Hopkins University kindly made a 
silica determination of this rock for me which showed it to con- 
tain 53.4 per cent. SiO,. It is by no means common to find 
free silica in a rock so basic as this. Its existence in such rocks 
which were once molten seems to be a chemical paradox. Re- 
cently, however, a number of similar occurrences have been 
reported, one of the most interesting of which is that described ^ 
by Mr. J. S. Dillcr of the U. S. G. S., In the basalt from 
" Cinder Cone " near Lassen peak, in California, he found quartz 
crystals whose presence could reasonably be accounted for only 
on the supposition that they were primary. An analysis of the 
basalt showed it to have 57.25 per cent. SiO^, which makes it 
more acid than the Missouri diabase. Until more is learned 
concerning the effect of heat and pressure upon chemical affinity 

» Am. Jr. Sci., vol. 33, p. 45, Jan., 1887. 
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one cannot well speculate regarding the possibility of quartz 
crystallizing out of a basic molten magma. We know that in 
the porphyries both quartz and feldspar are very often partially 
rediss<jlved after being formed, showing that during the effu- 
sive period some cause made the chemical affinity differ from 
what it was at the time these crystals formed. For aught we 
now know it is possible that quartz would crystallize out of a 
deep seated, basic magma in a similar manner, and would be 
. wholly or partially redissolved when brought near the surface. 
Glass. About half the specimens examined contain an un- 
crystallized residue. The smaller dykes nearly all have it; and 
some of the larger ones as well. In fact the largest dyke in the 
whole district, the one at the plijicc called the "Tin Mines" in 
sec. 30, T. 33. N. R. VI, E., has the most glass. The 50 inch 
dyke on the east side of the St. Francois also has a large amount 
of glass. In the majority of cases devitrification has been 
brought about by the development of small crystals of plagioclase 
so that the original glass has almost disappeared. Trichites and 
crystal skeletons of iron-oxide are very abundant. In some of 
the badly weathered diabase-porphyrytes the former existence 
of a glass base is shown by the presence of these crystal skel- 
etons in the ground mass. 

(3). Structure of the diabases. 

The diabases vary in color from black with a waxy lustre, as 
in the case of those from the "Tin Mines," through steel gray, 
to light grey sometimes mottled. Some of them have a greenish 
tinge, and one, number 235, has so much pink feldspar mixed 
with large black augite crystals that it gives the whole rock a 
spotted pink and black color. 

The texture of the diabases varies from coarse-grained with 
crystals two centimetres long to those so fine-grained that their 
macroscopic appearance is that of a homogeneous mass Num- 
ber 284 and 289 perhaps are the extremes for fine texture. The 
microscope shows that number 284 is holocrystalline. This is 
quite unexpected, for it came from a six inch dyke in the por- 
phyry. Number 389, from an eighteen inch dyke in granite, 
however, contains a large amount of glass. 

The structure of some of the more coase-grained glass-bearing 
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rocks is quite interesting. Instead of appearing to be a glassy 
groundmass in which the crystals are imbedded it looks more 
as though the coarse crystals formed first and crowded the glass 
into the interstitial spaces, so that the structure is that of a typi- 
cal diabase in which a portion of the augite is replaced by the 
glass. This particular type of structure is best illustrated in 
number 290, and in those from the " Tin Mines," numbers 359, 
411, 414, and 415. Fig. 6, pi. i is taken from number 415, and 
shows a portion of the section as it appeared in the field of view 
when magnified 44 diameters. The occurrence of so much 
glass in such a coarse-grained rock is rather unusual. 

It is also interesting to note that at the *' Tin Mines " the 
amount of glass decreases as we descend below the surface. 
The dyke cuts through a big hill of porphyry fully 400 feet high. 
Years ago four different tunnels were driven into the hillside 
in a vain search for tin. The first of these is about 75 feet 
above the base of the hill; the others are higher up. Number 
416, from this first tunnel, shows no glass, 415 has a small 
amount relatively, while 414 and 411 have a great deal of it. 
This locality was not visited by the writer, but from the char- 
acter of the specimens received from Mr. Payne it would seem 
that we here have an excellent illustration of the crystallization 
of a molten magma being dependent upon the depth below the 
surface at which it solidifies. 

The structure of the ordinary diabase and olivine diabase is so 
well known it is useless to give it here in detail. 

(c). Classificatton of the diabases • 

From what has already been given it will be seen that with 
reference to their mineralogical composition we have three 
grades, or classes of diabases, the quartz-bearing, the olivine- 
bearing, and those with neither of these minerals; also that the 
last division may be sub-divided into the uralitized diabases, and 
those in which the augite is not altered. With reference to the 
structure we also have a number of varieties. There are the 
holocrystalline, hypidiomorphic ones; the glass-bearing, coarse- 
grained, hypidiomorphic ones, and those with a true porphyritic 
structure. Only one porphyritic specimen was found which 
contained olivine, but further search would probably reveal 
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more, so this one must not be overlooked in the classification, 
although it is the only representative of the melaphyres. The 
followring scheme represents the different types found, the num- 
bers given .being those of the hand specimens which are fair 
representatives of the several types. The 'classification is slightly 
different from that given by Rosenbusch in that all the dyke 
rocks are here placed under one general head for convenience, 
while he would place them under two. 

^bearing \ Quartz-diabase, 23S, 365. 
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Summary, 

1° The Missouri Archaean is interesting on account of its 
isolated position, and on account of the simple character of its 
rocks. 2". The rocks may be divided into three general classes. 
A, Granites; B, Porphyries of different kinds; C, Dyke rocks 
which are diabase and diabase-porphyrytes. 3**. The granites 
are mainly granitites with a small amount of biotite, but they 
grade on the one hand into a quartz, feldspar granite — or gran- 
itell of some American geologists and on the other into a horn- 
blende-bearing granitite. 4°. The feldspar enlargements of 
the granites probably resulted from a secondary growth, during 
the effusive period of idiomorphic crystals formed during the 
intertelluric stage. 5^ The idiomorphic quartz and feldspar 
crystals, the micropegmatite, and the granophyric structure show 
that the structure of the granites approaches the porphyritic, 
and the gradation of the one into the other is easily traced. 6^ 
The evidence of fumerole action at the Silver Mines consists in 
the alteration of the granite wall rock of the vein and the for- 
mation of topaz, wolframite, lepidolite, and fltjorite. 7^ The 
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porphyries have a mincralogical composition which is almost 
identical with that of the granites. 8". The occurrence of the 
rare manganese epidote, piedmontite, was noticed in three differ- 
ent specimens, and probably it has a much wider range. 9^ 
The structure of the porphyries varies from what was originally 
a vitropyre with the flow structure well developed, through the 
different grades of microfelsyte, granophyre, and micro- granite 
into the fine-grained granites. lo*- The poryhyries have a 
structure, not described by others, for which the name paecilitic 
is suggested. 1 1^ The dykes seem to be of Archaean age, but 
possibly a few of them are younger. Nearly all of them trend 
from northeast to southwest, or approximately parallel to the 
Ozark hills. 12*^. Four general kinds of dyke rocks occur, the 
quartz-diabase, the uralite-diabase, the olivine-diabase, and the 
diabase-porphyry te. 13^ The quartz-diabase is interesting on 
account of what seems to be primary, porphyritic quartz in so 
basic a rock. 14^ The olivine-diabase is a very beautiful rock 
which is unusually well preserved. 15^ The amount of glass 
in the big dyke at the "Tin Mines" decreases as we descend 
from the surface, so that specimens taken from the lowest 
tunnel show none. 



ON SOME INVESTIGATIONS REGARDING THE CONDITION 
OF THE INTERIOR OF THE EARTH. 

PROF. E. W. CLAYPOLK, AKRON, O. 

The condition of the interior of the earth is perhaps the 
most difficult problem with which geologists are now grappling. 
Progress is slow, necessarily slow. All work must from the 
nature of the case be done at arm's length or more so to speak. 
Inaccessible as are the depths of the sea we can reach them by 
the use of an immensely elongated slender finger — the sound- 
ing-wire with its grapnel and dredge. These implements ac- 
tually bring within our grasp some small specimens of the 
material of which the bottom consists so that we are able to 
handle and examine it in the laboratory. 

But we are totally unable thus to reach and explore the in- 
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terior of the earth. All the mines and wells and bore-holes that 
have been sunk are but so many punctures in the skin revealing" 
nothing of the great central mass below. No auger has ever 
fathomed more than a single one of the four thousand miles 
that separate us from the centre. And the data thus obtained 
from this single mile are too slender, the material is too scanty 
to warrant wholesale induction regarding the greater inacces- 
sible residue of the sphere. Direct examination fails and we 
are therefore driven to employ indirect methods — to infer from 
feeble manifestations at the surface the nature and the intensity 
of the energies at work below — to extend cautiously but im- 
mensely the results of petty experiments in our laboratories 
until they match in magnitude the vast operations in the great 
subterranean laboratory of nature — and finally to deduce from 
the known properties of matter its necessary or probable be- 
haviour in unknown and unattainable conditions. All this is 
working under immense difficulties and at enormous disadvant- 
ages; and progress toward the solution of this interesting prob- 
lem is proportionately slow. 

And when in addition to all this we reflect that in order to 
deal with the subject a man should possess knowledge of a high 
order in mathematics and physics, and ability to use readily the 
most powerful engines at the command of these two sciences 
not less than those methods more strictly geological, we can 
understand why so few enter the field and why the results of 
their labors are so small and so uncertain. 

Yet there is progress. From year to year some new fact is 
made known on evidence that commands general assent. Some 
new inference is deduced that deserves examination. Some 
new possibility is suggested that promises to reward investiga- 
tion. Through these three stages all our knowledge regarding 
the condition of the earth's central mass is destined bv the na- 
ture of the case to pass. 

Not very long ago it was an accepted doctrine that the earth 
was composed of a hot and liquid internal sphere surrounded 
by a solid shell of comparatively small thickness. This doctrine 
may yet be recognized in some of our popular semigeological 
literature. But it has passed into oblivion as a tenet in geology. 
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being found totally inadequate to explain the phenomena as 
they appear at the surface. 

As this opinion waned there rose in its place another directly 
opposed to it. Ushered in under the shadow of great names in 
the world of science it taught us to believe that the globe was 
solid from core to crust. We were told that all our geological 
theories must be reconstructed on the basis of a solid globe. 
The authority of Thomson, of Hopkins and of Pratt secured 
for this new doctrine a respectful hearing and a wide acceptance. 
It was a not unnatural reaction from the opposite extreme which 
had preceded it. It afforded for a while great hope of a final 
solution of the problem. But it has been tried and found want- 
ing. Like its predecessor it has failed to explain the phen- 
omena. 

No other extreme being possible most of the later theories 
have been modifications or combinations of these two, with 
qualifying additions intended to explain special difficulties or 
fill inconvenient gaps. 

Without going into detail, which would be foreign to the 
purpose of this paper, it will suffice to say that most of the more 
recent theories involve the presence of a layer of imperfectly 
liquid matter between a solid nucleus and a solid crust. This 
layer is by some supposed to be continuous and by others to be 
divided into lakelets of greater or less extent. Both these views 
are held by geologists well qualified to form and well entitled 
to express an opinion. Each is intended to account for certain 
phenomena which have proved difficulties in the way of the 
adoption of the other. 

This viscous layer is not only a result of a compromise be- 
tween two opposing theories but is also a result of a compro- 
mise between the two great solidfying forces of pressure and 
cold. It appears to be a necessary result of the evolution of the 
terrestrial sphere. Looking back to the time when the earth 
existed as a molten globe it is evident that the constant radiation 
of heat from its surface into space must have steadily though 
slowly, cooled the outer layer. This as fast as it grew cool 
and perhaps solid sank into the heated mass in consequence of 
its greater density. There it was remelted but at the expense of 
the internal store of heat. This process continued until the 
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whole globe had so far cooled down that its original fluid- 
ity was lost and it became viscid or slaggy. The sinking 
of the cooled crust then ceased * because convection-currents 
could no longer travel between the centre and the circumfer- 
ence. Free motion between one part of the sphere and another 
was henceforth impossible and all further cooling must take 
place by the slower process of radiation from the surface and 
conduction from the interior. Even by this means some further 
refrigeration must have occurred in the long interval that has 
since elapsed so that the centre itself is now rather lower in 
temperature than it was when solidification took place. 

On this view then the interior of the earth consists of a mass 
of matter intensely hot but less so than some writers have as- 
serted. As already mentioned there is abundant reason to 
believe that it is solid. But it is under enormous pressure and 
this pressure has the effect of raising its temperature of solidifi- 
cation or in other words of its freezing-point. It is consequently 
solid at a temperature at which it could not remain solid were 
the pressure removed. That is to say, a portion of the central 
mass if suddenly transferred to the surface would instantly 
become liquid merely from relief of pressure. 

On this view the internal temperature must increase from the 
surface downward to the very centre. But the inference that 
this increase continues at the same rate as that which we find 
near the surface would be very hasty. As was remarked at the 
outset, the greatest depth yet reached by an auger is infinitesi- 
mal compared with the 4000 miles that separate us from the 
centre, and to assume therefore that the law of increase which it 
reveals will be found to hold good at great depths would be 
not only illogical but, in view of the considerations above stated 
regarding the condition of the central mass, it would be exceed- 
ingly improbable. It is more in consonance with them to be- 
lieve that the rate of increase of temperature downward will be 
found to steadily diminish until it becomes insignificant, and for 
practical purposes from that point down to the centre the tem- 
perature may be considered constant. 

The interior of the earth on this view then is a sphere of 
matter whose nature is unknown but which is kept solid solely 
by the pressure of the mass above it. It is therefore always on 
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the point of fusion and in so unstable a physical condition that 
the relief of the pressure at any point would cause its instant 
liquefaction. This fact must be borne in mind in all reasonings 
on the problem. 

As the central mass is kept soljd by pressure so the superficial 
layers are solidified by cold. They have radiated off into space 
their original heat and being unable on account of the bad con- 
ducting quality of the matter to obtain a sufficient supply to 
replace it from below, they have become as cold as is consistent 
with slow conduction from the heated core and with powerful 
solar radiation. 

The existence of the viscous layer already mentioned is then 
an almost unavoidable deduction from the history and actual 
condition of the earth. So far as we can judge from the anal- 
ogy of experiments on a small scale the rise of temperature 
downward is much more rapid than the rise of the freezing or 
solidifying-point resulting from increased pressure. It seems 
therefore a necessary inference that at some depth there must 
be a layer where the temperature is so high as to cause semi- 
fluidity in spite of pressure. But the rate of increase of tem- 
perature as above shown becomes less and less until it almost 
disappears. The solidifying effect of pressure therefore, which 
is subject to no such decrease downward, but which rises to the 
very centre at an increasing rate in consequence of greater den- 
sity of the materials, must eventually overtake and surpass the 
liquefying effect of higher temperature and produce solidity in 
spite of the heat. The interval between the levels of supre- 
macy of these two contending forces, heat and pressure, is there- 
fore the viscous layer where neither is supreme. 

(To be continued,) 



MONTICULIPORA, A CORAL AND NOT A POLYZOON. 

BY JOSEPH F. JAMES, M. S., 
Professor of Botany and Geology in Aliami University. 

In a late paper upon the "Monticuliporoid corals of the Cin- 
cinnati group,"* undertaken by Mr. U. P.James and the present 

' Published in the Journal of the Cincinnati Society of Natural History^ 
vols. X and XI. 
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writer, the various genera proposed from time to time for differ- 
ent species, were all arranged under one family, the MonticuH- 
foricUe^ Nicholson. This family includes two genera, with three 
sub-genera. These are ( 1 ) Monticulifora^ with the three sub- 
genera Dekayia^ Constellaria and Fistulifora^ and ( 2 ) Ceramo- 
for a. In the paper in question all these forms were regarded 
as corals. They have been, except Ceramopora^ generally re- 
garded as corals, but they have been placed by some writers, 
principal among whom is Mr. E. O. Ulrich, in the class Polyzoa, 
or as he calls it, Bryozoa.^ Dr. H. A. Nicholson and most other 
workers on the other hand, retain the Monticuliforidce in the 
corals. The question of the position of the family being thus 
a disputed one, it will be the endeavor in the present paper to 
settle the matter, and in order to do this it will be necessary to 
examine the features of the two classes and see upon what 
grounds the reference of the Monticuliporidce to the Polyzoa is 
advocated. 

The great sub-kingdom, Coglenterata, inclndes many di- 
versified forms both fossil and recent, the various genera rang- 
ing in time from the Palaeozoic to the present. There have been 
generally recognized two classes, although some members of 
these have at times changed places. As at present understood 
these two classes are Hydrozoa and Anthozoa. The greater 
part of the first of these are medusae, marine animals difficult 
of preservation and therefore of study; while the fresh water 
Hydra is an example of another part. So few of these have 
ever been preserved in a fossil state that so far as palaeontology 
is concerned they may be regarded as almost non-existent. One 
fossil group, that of graptolites, has been referred here, but Dr. 
Lankester does not regard these forms as at all closely allied to 
the Hydrozoa proper. We are, however, not here concerned 
with this question. 

The Anthozoa include the larger number of these forms 
known as true corals, and we shall have with this at present 

'The former of these two terms, viz.: /*<>/y2'aa, has four years prece- 
dence over the latter. J. V. Thompson applied the term Polyzoa in 1830 
('* Geol. Researches and Memoirs, V"), while Ehrenberg used Bryozoa for 
the same forms in 1834, (" Abhand, der k. Akad. der Natur. zu Berlin.") 
See Encyclopedia Britannica, 9th edition under Polyzoa, 
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mainly to deal. The class Anthozoa has been divided Into 
three great orders, namely, Zoaniharia^ Rugosa^ and Alcyon^ 
aria. The Zoantharia again have been divided into three 
groups, one {^Malacodertnata) including the sea-anemones, in 
which there is either no skeleton at all, or else a pseudo-skeleton 
made up of scattered spiculae; a second, (^scleroSastca) in which 
the colonies are more or less branched and fleshy ; and a third 
{sc/erodermata) in which a true calcareous corallum is always 
developed. It is this last group of the three with which we 
now have to deal, as it is only here that the forms are preserved 
in a fossil state in any numbers. 

The scelrodermata^ then, have been divided by the great 
authorities, Edwards and Haime into four sections, namely^ 
Aporosa^ Perforata^ Tabtdata^ and Tubulosa. In the Aporosa 
are found mainly living genera. The corallum is made up of 
a great number of tubes which are divided longitudinally by 
well developed septa; while cross partitions, tabulae, are rarely 
found. Favistella is probably an example of this group. In 
the Perforata the septa may be well or may be only slightly 
developed, and in some cases the tubuli are crossed by tabular 
while in others they are open. The walls are very generally per- 
forated. This group contains many fossil genera, such as Pro- 
tarcea and probably the Pavositidce. The third group, the 
Tabulata^ originally formed to contain those corals in which 
septa are scarcely developed at all and tabulse are well de- 
veloped, seems such a mixed collection of forms that it has 
been proposed to break it up and distribute the genera else- 
where, or else greatly restrict its limits. Of the genera form- 
erly included in it, some have been transferred to Hydrozoa 
(Millepora for example, though this has also been placed in 
the order Alcyonaria)^ some have gone to Perforata (^. g. 
Pavositidce^y while others have been transferred to the order 
Alcyonaria ( e. g. Monticuliporid<e and Helioporidce). Of 
these last two families we shall have more to say directly. Lastly 
the Tubulosa constitute a small group to which belongs Aulop- 
ora and possibly Stomatopora, These present some affinities 
to the Polyzoa, and may have to be transferred there. These 
then are the groups of Zoantharia sclerodermata. Let us turn 
now to the second order, or 
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The Rugosa. The members of this, like the previous group, 
are possessed of a stony corallum, and present generally both 
tabulae and septa. The order is divided into four families, 
Stauridce^ CyathaxonidiX^ Cyathofhyllidce^ and Cystiphyllidce, 
To the third of these belong Zafhrentis and Streftelasma^ but 
as none of the group seem related to the Monticuli port dee we 
pass on to the third and last order. 

The Alcyonaria. Of the ^\q families into which this order 
is divided, but one presents any affinities to the monticuliporoids. 
This is the Helioporidce Mosely. This author has examined 
Heliopora in a living state and describes it as having a well de- 
veloped, stony corallum, composed of corallites of two kinds. 
Both kinds are tubular; the larger ones are crossed by well de- 
veloped tabulae, and the walls are folded in such a way as to 
give rise to a variable number of septa. The smaller, (inter- 
^ stitial?) tubes are destitute of septa, but have numerous tabulae. 
The living parts of the corallum occupy only the spaces in the 
corallites above the uppermost septum. Several extinct genera, 
Heliobites^ Plasmopora^ &c., present similar features to Helio- 
pora and are referred to this family. Finally we find in the 
Monticuliporidce several features which show it to be closely 
related to the Helioporidce. In the sub-genera Dekayia^ Con- 
stellaria and JP'istulipora the large tubes are often nearly sur- 
rounded by smaller ones. In Monticulipoya proper, these 
interstitial corallites vary in number in different species, being 
sometimes very few, and again very numerous. Septa seem 
to be absent in both kinds of tubes, a point of difference from 
Helioporidce^ but tabulae are generally well developed in both 
kinds, though there is great variation in this respect. In certain 
species of Monticulipora it is found that the walls of the coral- 
lites are more or less inflected, and it may be that these are the 
possible remains of former septa. From this examination it is 
clear that the Monticuliporidce are in many features similar to 
the Helioporidce \ and it would seem the best plan to place the 
families side by side, as members of the Alcyonarta. 

If we turn now to the Polyzoa we find here also a mixed as- 
semblage of forms. The class is divided into three sections, all 
of which are in general terms characterized upon the living 
animal. The first two sections contain three genera, all of 
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which are living and one of which forms a membranous, branch- 
ing tube i^Rhabdopleurd) similar in general appearance to those 
of certain species of Stomatopora^ but all the tubes are connected. 
The third section includes the greater number of the genera of 
the class, and is divided into three orders. The first of these 
contains five genera. One of them, Cristatella^ is remarkable 
for having a locomotive zoarium, but it resembles in no respect 
any monticuliporoid. Alcyonella^ however, forms massive 
coenoecia made up of several hundred individuals. The second 
order, Gymnol^ma, is divided into three sub-orders (by Busk), 
according to the shape of the* zocecia, and the nature of the 
margin of the mouth when the polypide is retracted. The 
Cyclostema " have long tubular zocecia, often of large size and 
calcified, placed side by side in cylindrical bundles or in other 
definite grouping; the mouth of the zooecium is circular and 
devoid of processes." (Ency. Brit., 9th Ed., xix, p. 437.) 
Most of the genera of this group are fossil. It includes Stomat- 
opora^ Fenestellay &c. The second order, Ctenostoma, has 
species with usually a soft zooecium, but the third, Ciiilostoma, 
is the largest and most varied. " The zocecia are horny or cal- 
cified ; their orifices can be closed by a projecting lip in the form 
of an operculum. ♦ ♦ ♦ The surface of the zooecium 
is frequently sculptured, and its orifice is provided with pro- 
cesses and spines." (Ibid, p. 437.) It includes Rctepora^ JRlus- 
trina^ Ptilodictya^ and others. 

Now although the Polyzoa include forms of so diverse an 
aspect, we find little in their appearance to justify placing the 
monticuliporoids with them. And while it may be regarded 
as an impossibility to settle definitely and without dispute the 
position of the monticuliporoids without having the living animal, 
it may be considered that all their features point to an alliance 
with the Coelenterates rather than with the Molluscoidea. 

Let us now turn to the paper of Mr. Ulrich in which he states 
his reasons for calling the group of monticuliporoids, Bryozoa, 
[Polyzoa,] and see upon what grounds this is advocated. With- 
out going into the details we appeal to the summary of his 
views as given on pages 144-147 of volume v, of the Journal 
of the Cincinnati Society of Natural History. The genus //eter- 
opora is taken as the type of the Polyzoa. (Is it not rather an 



James on Monticulvpora, 391 

• 

aberrant member of the class?) As a resemblance it is stated 
that both in Heteropora and in certain ramose species of Monti- 
culipora^ the corallum is ^< composed of slender fasciculate tubes, 
which are nearly vertical in the axial region of the branches, 
and then curve outward more or less abruptly to reach the sur- 
face." (p. 144-5.) ^ would point out, howevjer, that in the 
sub-genus Pistulipora^ we have the corallites in one ramose 
form {yenusta) springing from a "wrinkled, dermatic crust'* 
direct to the outer surface without bending. In other species, 
both discoid and f rondose of the proper genus, Monticulipora^ 
the corallites spring upward from a germinal plate also without 
bending (^. ^. frondosa^ whiteavesi^ petasiformts^ &c.,) so that 
this difference between the axial and peripheral region does not 
always hold good. Neither is it by any means universal, if, in 
deed, the rule, in Polyzoa. 

Second, the dimorphic condition of the corallum in both 
Heteropora and MonticuUpora is made a point of resemblance ; 
as is also the presence of tabulse in the large tubes, the smaller 
ones in Heteropora lacking these. But it should also be re- 
membered that there are certain species of MonticuUpora (^. g^ 
Jiliosa^ irregularis^ discoidea^ briarea^ delicatula^ septosa^ ken- 
tuckiensis^ ivortheni etc.,) which have no interestitial cells: 
others which have a few, and still others in which they are 
numerous. So this resemblance can not hold. It is also to be 
noted that in the various species tabulae may be few or numerous ; 
and it has already been pointed out that these in themselves 
cannot be considered as of very great value in classification. 

Third ; in regard to the structure of the walls of the corallites 
it is stated that the discovery of a few mural pores in one por- 
tion of one specimen of a single species of MonticuUpora is in 
accord with the condition of Heteropora^ while, on the other 
hand, some species of the latter genus are without these pores. 
It is sufficient to note that in the Favositidae and other members 
of the Perforata of Zoantharia, these pores are very numerous, 
and there can be no denial of the fact that the MonticuUporidce 
are eminently imperforate. 

Fourth; the possession of certain radiating spines in Heter- 
opora and their absence in MonticuUpora is commented upon, 
but Mr. Ulrich does not attach any weight to their absence in 
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Monticulifora^ "since if it were a character of real importance, 
such as the 'septa' of Ccelenterata it would be developed in all 
the species, which our present knowledge of these forms justi- 
fies us in saying, is not the case." (Jour. C. S.N. H. v, p. 147.) 
But the septa are fiot developed in all forms of Ccelenterata {e.g". 
Favositidce^ and there are certain species of jMonticuliporidce in 
which there are found projections from the wall of the cell into 
the cavity, (ortoni and septosa for example,) which may or may 
not have been in the nature of septa. And further it should be 
remembered that in Heliopora^ certainly a true coral, the septa 
are but poorly developed, these being produced merely by the 
foldings of the walls of the corallites as may well have been the 
case with M. ortoni and others. 

Fifth; spiniform tubuli are stated to be developed in the 
majority of Mont ictdipor idee as they are also in Heteropora. 
But these are not found in briar ea^ septosa and possibly others, 
for in the descriptions of many species no mention is made of 
them, and they are few to numerous in many species. 

Sixth, and lastly, in weighing the points of resemblance h^- 
twten Heteropora 2Ln<\ jMonticnlipora,^ Mr. Ulrich says, (Ibid, 
p. 146): (1) The colony is composed of two sets of tubes: 
(so also is the corallum of Ilcliolites and other undoubted 
polyps); (2) both have their tubes crossed by diaphragms; (it 
is so also in Heliolites^ Favosites^ etc.); (3) in certain types of 
j\/ont ictdipor a the interstitial tubes are in no way structurally 
different from the proper ones: (but so is it also in Heliolites^'y 
while (4) in relation to the mural pores these are present or 
absent in the Aporosa (corals), and so can scarcely beconsidered 
as a sufficient character to depend upon. 

From all these things we fail to see why it would not be just 
as wise a course, if indeed not a wiser one, to place the Monti- 
culiporidcc close to the Hclioporidcc^ as to remove them to the 
Polyzoa. Individually, and we are not alone in the belief, we 
believe that the Mont iculipor idee constitute a family closely al- 
lied to the Helioporidie^ and that they belong to the order Al- 
cyonaria of the class Anthozoa of the Ccelenterata. 

Note. — We are indebted to the article on Corals in the Encyclopedia 
Britanmca^ written bj Dr. H. A. Nicholson, and to that of Polyzoa^ by 
Prof. Lankester, in the same work, for much of the information relating 
to the features of these two groups embodied in the above article. — J. F.J. 
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2. Proceedings of scientific societies. 

Proc. Canad. Inst. April, 1888; and annual report of the same, 1886-87. 
Toronto. The latter contains the report of David Boyle, Curator, on ar- 
chaeological work in 1887. 

Bulletin of the N. Y. state museum of Natural History, No. 3. March, 
1888. Building stone in the state of New York. By yohn C Smock, 

J. Papers in scientific journals. 

In Am. Jour. Sci.^ May. Three formations of the middle Atlantic 
slope. W. J. McGee. (with plates vi and vii). On some peculiarly 
spotted rocks from Pigeon Point, Minnesota. W. S. Bayley. The 
Taconic system of Emmons, and the use of the name Taconic in geologic 
nomenclature. Chas. D. Walcott. The terminal moraines in North 
Germany. Prof. R. D. Salisbury. 

4. Excerpts and individual publications. 

Illustrations of the fauna of the St. John group. No. iv. Part i. De- 
scription of a new species of Paradoxides (P. regina). Part 11. The 
smaller trilobites with eyes (Ptycoparida? and EUipsocephalidae). By G. 
F. Matthew, M. A. Trans. Roy. Soc. , Canada. Presented May 25, 1887. 

A preliminary notice of a new genus of Silurian fishes. By G. F. 
Matthew. Read Oct. 5, 1886. Bulletin of the Nat. Hist. Soc. 

American geological classification and nomenclature. By Jules Mar- 
cou, pp. 75. Cambridge, Mass. 

5. Foreign publications. 

Lakis kratere og ivastromme, at Ammund Holland; Universitctspro- 
gram for 2nd. semester, 1885. Kristiana. 

Reports of geological explorations during 1885 with maps and sections. 
Sir. James Hector, director. Wellington, New Zealand. 

Same for 1886-87. . 
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Index to reports of the geological survey of New Zealand from 1866 to 
1885 inclusive. 

Notice ndcrologique sur M. A E. B^guyer de Chancourtois ; par M. 
Edmond Fuchs. [Extrait des Annales des mines. Mai-Juin, zSSy]- 
Paris, 

Note sur la constitution des gites de phosphate de chaux, et sur les 
conditions sp^ciales de gisement de ceux du nord de la France, par M. 
Edmonds Fuchs. Assoc. Franc. Tavanc. d. Sciences, 1887. 

Jahresbericht des Vereins fiir Erdkunde zu Stettin, 1887. 

Anthozoen und Bryozoen desobern mittelrussischen Kohlenkalks ; von 
A. Stuckenberg ; mit 4 Tafeln, 1888; also, Die Fauna des untem Devon am 
west-Abhange des Urals, von Th. Tschemyschew, mit 9 Tafeln, 1885; 
also, Biblioth^que gtolpgique de la Russie, 1886. Comite gedogique^ St, 
Petersburg^. 

Shell-growth in cephalopoda (Siphonopoda.) By F. A. Bathbr, of the 
British Museum. (Ann. and Mag. Nat. Hist; April, 1888). 



CORRESPONDENCE. 



Hayden Memorial Geological Fund, Mrs. Emma W. Hayden has given 
to the Academy of Natural Sciences of Philadelphia in trust the sum of 
$2500 to be known as the Hayden Memorial Geological Fund, in com- 
memoration of her husband, the late Prof. Ferdinand V. Hayden, LL. D. 
According to the terms of the trust a bronze medal and the balance of 
the interest arising from the fund are to be awarded annually for the best 
publication, exploration, discovery or research in the sciences of geology 
and palaeontology, or in such particular branches thereof as may be desig- 
nated. The award and all matters connected therewith are to be deter- 
mined by a committee to be selected in an appropriate manner by the 
Academy. The recognition is not to be confined to American naturalists. 

Academy of Natural Sciences of Philadelphia, 

Philadelphia, May 8, 1888, 

The proposed geological society. Geologists will recall the fact of the 
appointment of a committee of their number at the meeting of the A. A. 
A. S. in 1881 to consider the advisability of forming an American Geologi- 
cal Society. This committee sent out circulars asking for opinions, and 
received 126 answers to their inquiries, all but two of which expressed a 
belief in the expediency of organizing such a society. These facts were 
reported at Montreal in 1882. It was there voted expedient to establish 
a geological magazine. A proposed constitution for a society was pre- 
sented, discussed and laid upon the table for future consideration. At 
the adjourned meeting in 1883 at Minneapolis the questions of the maga- 
zine and society were further consider. Little was accomplished beyond 
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the appointment of a committee to confer witli the Mineralogical and 
Geological section of the Philadelpkia Academy of Natural Sciences, For 
various reasons no meeting was called to discuss the subject at Philadel- 
phia. Since then regret has been expressed by some who were at first 
opposed to the project that the effort had not been pressed. At the New 
York meeting of the International Congress Committee. (A. A. A. S.), 
August, 1887, the following resolution was passed: ** That the American 
Committee of the International Congress will approve of a call for the 
meeting of an American Geological Congress, whose object shall be the 
discussion of important geological questions." 

The chief objection to the establishment of an American Geological 
Society has been the fear that its existence would impair interest and at- 
tendance at the meetings of the American Association for the Advance- 
ment of Science. 'But if the new society could be made identical with 
Section £, retaining the officers chosen at the meetings of the A. A. A, 
S., and having the power to assemble at other times during the year, 
adopting necessary regulations for the extra sessions, it would seem as if 
the geologists might obtain all the advantages of a special organization. 

The chairman and secretary of the above named committee of Ameri- 
can geologists would therefore call upon all American geologists to as- 
semble with them at Cleveland, Ohio, at 3 p. m., of Tuesday, August 14th, 
the day before the next session of the A. A. A. S., and if deemed expedi- 
ent, organize a society subject to the following limitations : 

1. The members of the society shall be also members of the A. A. A. S. 

2. The president and secretary of the new society shall be the gentle- 
men elected to these offices by the A. A. A. S. 

3. It will be recommended to Section E. at its formal session to offer 
an amendment to the constitution of the A. A. A. S. that Section £ may 
be allowed to hold meetings at such time and place as they may desire, 
independently of the other sections, subject to their own regulations. 

[Signed,] N. H. Winchell, Chairman, 

C. H. Hitchcock, Secretary. 



PERSONAL AND SCIENTIFIC NEWS. 



The geological laboratory of Buchtel College, 
Akron, O., has recently acquired a lapidary's lathe and fittings 
of the latest make and finish, with slitting disc and bort sheer, 
laps, grindstone and necessary polishing powders, complete, as 
used in the British Museum. Some difficulty was experienced 
at the port of entry (N. Y.) as the importing agents without 
advice paid the duty, and were unable to procure its refund- 
ment, the department of the interior being apparently unaware 
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of the extent to which these instruments have lately been in- 
troduced for the study of some branches of geology and con- 
sequently being in doubt if the lathe in question could be re- 
garded as a scientific instrument entitled to free entry for college 
use. As the final decision may be of interest to others it is here 
reprinted. The lathe was manufactured by the firm of Cotton 
& Johnson, Gerard St., Soho, London, W., and the total value 
including all charges of freight and entry was about $120. 

Lapidary's Machine. — The Treasury Department has granted the ap- 
plication of Messrs. Davis, Turner, and Co., for the free entry of a lapid- 
ary's machine recently imported at New York for the use of Buchtel 
College, Akron, Ohio. It was shown that machinery of the kind long 
used by lapidaries is now indispensable in the study 01 geology and lith- 
ology for use in the preparation of sections for examination under micro- 
scope. The department therefore decides that such machines can be 
admitted free under the provision of the free list for "philosophical and 
scientific apparatus specially imported in good faith for use of any in- 
stitution established for educational purposes." — U. S, Government 
Advertiser y Marck^ /j, 1888. 

Dr. Ali^eyne Nicholson maintains in the Geological Mag- 
azine for March, in reply to Mr. James Thomson, the con- 
stant occurrence of mural pores in all favositoid corals, and that 
failure to find them must be caused by peculiar mineralization, 
unfortunate slicing or, to use a mild euphuism, "want of knowl- 
edge." 

Dr. Lyddeker notes the occurrence of fossil bones in the 
upper Eocene of England undistinguishable thus far from those 
of Iguana and proving therefore the former existence of this 
now exclusively American genus in Europe. 

Discussing further a number of specimens in the British 
Museum we find that several which have hitherto passed under 
different names all belong to Placosaurus^ and moreover that 
this genus was closely allied to the Anguidae though possessing 
well developed limbs. It therefore apparently furnishes a 
creature of snake-like aspect and affinity with the legs of a lizard, 
and may be a direct ancestor of our present boas and pythons in 
which all the limbs aie rudimentary and scarcely visible outside; 
a structure which is matched on a small scale by the little blind- 
worm of English copses, Anguis fragilis. 

Dr. Lyddeker Advocates the retention of the term Paloeo- 
fhidoe to denote a family of large marine (?) serpents whose 
remains are found in the London and Bracklesham Tertiary 
clays, and which are generally regarded as also nearly allied to 
the existing pythons. 

Prof. E. W. Claypole, one of the editors of this mag- 
azine, will sail for England on June 7th, by the SS. "State of 
Georgia," of the State line. His family will accompany him 
and they will remain in Europe till September. 
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